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,.jJ LIST OF ACRONYMS

BERC - Berkeley Environmental Restoration Center
BGS - below ground surface
BTEX - benzene, toluene, ethylbenzene, and xylenes
CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act
CFR- Code of Federal Regulations
CMC - critical micelle concentration

COC - chain of custody
DCA - 1,1-Dichloroethane
DCE - 1,1-Dichloroethene
DNAPL - dense non-aqueous phase liquids
DTSC - Department of Toxic Substance Control
EBMUD - East Bay Municipal Utility District
EPA - Environmental Protection Agency
FDA-Food and Drug Administration
FID - flame ionization detector

HPLC-High performance Liquid Chromatography
IW - injection well
LFR- Levine Fricke Reeon

LNAPL - light non-aqueous phase liquids
MCLs-maximum concentration levels
MEUF - micellar enhanced ultrafiltration

MPP - macro porous polymer
MSDS - material safety data sheet
MW - monitor well

NCP- National Contingency Plan
OGISO - OGISO Environmental

OSHA-Occupational Safety and Health Administration
OU - University of Oklahoma
OVM - organic vapor monitor
PID - photo ionization detector
ppm-parts per million
PTT - partitioning tracer test
PVC-polyvinyl chloride
QA/QC -quality assurance/quality control
QAPP - Quality Assurance Project Plan
QC - quality control
RI/FS - Remedial Investigation/Feasibility Study
RW - recovery well
SAP - Sampling and Analysis Plan
SESR - Surfactant Enhanced Subsurface Remediation/

I SI - Site Investigation
SSO - site safety officer
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'- .... SVOC - semi-volatile organic carbon
TCA - 1,1,1-Trichloroethane
TCE - Trichloroethene
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1.0 INTRODUCTION

1.1 Background
Tetra Tech EM Inc. (TtEMI) was requested by the Navy to conduct a surfactant enhanced
subsurface remediation (SESR) treatability study at Alameda Point (formerly Naval Air Station
Alameda) to demonstrate enhanced dense non-aqueous phase liquid (DNAPL) removal at the
selected site. Surbec Environmental L.L.C. (Surbec) was selected to complete the treatability
study.

The surfactant technology was developed because of the inability of traditional pump-and-treat
remediation methods to remove non-aqueous phase liquids (NAPL) or sorbed contaminants from
the subsurface. Surfactants can be used to remove residual DNAPL from porous media.
Surfactants can greatly enhance the solubility and/or mobility of the chlorinated hydrocarbons,
thereby increasing the removal of DNAPL constituents from the soil matrix. Previous
demonstrations indicate that surfactant-enhanced recovery has the potential to be an effective
technology. In previous demonstrations, between 37 percent and 99 percent of DNAPL has been
recovered. The amount of contaminant mass recovered per mass of surfactant added may vary
widely, depending on site characteristics. The treatment goal of this study is to remove at least
95 percent of the chlorinated solvent mass from the test area saturated zone above the Bay Mud.

Because of the complex nature of the behavior of chlorinated solvents in groundwater, a bench-
scale study alone will not be sufficient to provide conclusive evidence regarding the
effectiveness of the technology. Therefore, an in situ pilot-scale study will be performed; a
bench-scale study will be used for surfactant selection only. The Navy will also conduct
physical and chemical analyses of the aquifer material to determine an effective surfactant
mixture for in situ removal of the chlorinated solvents.

Surbec will provide a complete technical evaluation of the treatment system at all stages of the
treatability study. Evaluation will include, but will not be limited to, (1) the reliability and
function of the process equipment, (2) capital, labor, operational, and maintenance costs, (3)
process operating parameters, (4) sampling and analytical procedures, (5) ability to meet
treatment objectives, (6) daily operation and problems encountered, (7) deviations from project
plans, (8) process waste handling procedures and requirements, and (9) health and safety.

Design of this process is complicated and requires a multidisciplinary team to ensure the
technology is applied correctly. The overall process can be broken down into four major
aspects: Surfactant Screening and Selection, Injection/Extraction Systems, Subsurface Surfactant
Performance and Above Ground Treatment and Separations. The proposed project team includes
Surbec, the University of Oklahoma, and Levine Fricke Recon (LFR).

1.2 Site Description
The Alameda Point site is located on the San Francisco Bay in Alameda, California (refer to
Figure 1.1). The selected test location, located near soil boring 2A-A, is on the east side of
Building 5 in Site 5. In a review of available documents and data, Surbec has located a second

• ...... site, which would be appropriate for this technology. The second site is also located on the east
side of Building 5, approximately 100 yards south of soil boring 2A-A at soil boring 4B-C.
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Building 5 is located between Monarch and Lexington Streets, and Avenues Midway and Tower
within the Alameda Point Complex. Building 5 lies in the middle of the Alameda Point facility
(Figure 1.2).

The building has been in operation since 1942 and houses shops used for cleaning, reworking,
and manufacturing metal parts, tool maintenance, plating, and painting operations. Processes in
the plating shop include degreasing, caustic and acid etching, metal stripping and cleaning, and
chrome, nickel, silver, cadmium, and copper plating. The paint shop contains two paint bays and
several smaller paint spray booths. Prior to 1972, the wastewater from operations in Building 5
was discharged without pretreatment to the San Francisco Bay, via the industrial sewers, the bulk
of which emptied into the Seaplane Lagoon. From 1972 until 1991, the wastewater from the
plating shop was split into two waste streams, one from the alkaline tanks and one from the
cyanide tanks. The wastewater streams were kept separate until the cyanide stream was treated in
a cyanide destruction unit. The two waste streams were then routed together to a treatment plant.

Three industrial waste sewer lines leave Building 5; there are two on the south side that join the
main line running under W. Tower Ave., and one line on the northeast comer that joins the main
line running under Lexington Street. Two sanitary sewer lines exit from the west side of the
building and join the main under Monarch Street. Two additional sanitary sewer lines exit from
the east side of the building and join the main lines in W. Midway Avenue. Storm sewer lines
connect the building downspouts to mains under W. Tower Ave. and W. Midway Ave. Site
layout and the configuration of the storm, sanitary, and industrial sewer lines are illustrated in
Figure 1.2. Building 5 is still used for manufacturing, cleaning, and reworking metal parts, and
painting operations. The plating shop was taken out of service in early 1991.

1.3 Objectives
The Navy has identified one primary objective and three secondary objectives for the treatability
study. The primary objective of the study is to:

• Determine the effectiveness of the treatment system to remove chlorinated solvent mass that
cannot be removed using conventional pumping techniques. The Navy has established a
DNAPL removal goal of 95 percent (from the soil) for this study.

The Navy has also identified the following three secondary objectives for this study:

• Determine the properties of the porous media within the test area, including the hydraulic
and sorption properties of the aquifer material

• Determine the optimal surfactant mixture for DNAPL removal
• Determine the efficiency of surfactant recovery from the test area

These objectives will be used to direct project activities and as evaluation criteria. The objectives
will also be used as indicators for project corrections and additions.

"1, _._
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2.0 SITE INVESTIGATION SUMMARY

To gain an understanding of the site-specific conditions at soil boring 2A-A and 4B-C, Surbec
reviewed several documents supplied by the Navy. The documents that were reviewed are as
follows:

• Remedial Investigation/Feasibility Study Data Transmittal Memorandum Sites 4, 5, 8,
10A, 12, and 14. (PRC Environmental Management, Inc. and Montgomery Watson)

• Data Summary Report for Quarterly Groundwater Monitoring. (Tetra Tech EM Inc. and
Uribe & Associates)

• Data Summary Report Background and Tidal Influence Studies and Additional Work at
Sites 4 and 5, Naval Air Station, Alameda. (PRC Environmental Management, Inc. and
Montgomery Watson)

• Remedial Investigation/Feasibility Study Phases 2B and 3 Data Summary Report. (PRC
Environmental Management, Inc., and Montgomery Watson)

• Data Transmittal Memorandum for Sites 4 and 5 Chlorinated Solvent Plume Definition

and Site 14 Sump Investigation at Alameda Point, Alameda, California. (Tetra Tech EM
Inc.)

Surbec has concentrated the design efforts based on the document entitled "Data Transmittal
Memorandum for Sites 4 and 5 Chlorinated Solvent Plume Definition and Site 14 Sump
Investigation at Alameda Point, Alameda, California," which presents the data generated from
two investigations directed toward definition of known chlorinated solvent plumes (Sites 4 and
5), and one soil and groundwater investigation of a sump area (Site 14) at Alameda Point,
Alameda, California.

The data transmittal memorandum also includes a brief description of (1) the project objectives,
(2) the scope of work performed for each investigation, (3) the investigation methods and field
procedures, and (4) the findings of each investigation. The findings are presented in tabular form
summarizing the analytical results and detailed isoconcentration maps and accompanying cross-
sections. Copies of the Site 5 data summary tables are attached to the end of this section.
Isocentration maps from the data transmittal memorandum (Figures 7, 8, and 9) for
Trichloroethane (TCA), Dichloroethane (DCA), and Dichloroethene (DCE) are attached to show
the extent and location of the contaminant plumes relative to the treatability study site location.
TCA, DCA, and DCE have been selected because they are the constituents at the site with the
highest concentrations and will be the contaminants that control the focus of the surfactant of
choice.

2.1 Site Setting and Geologv/Hydrogeolok, v
NAS Alameda is located on the western end of Alameda Island, primarily in Alameda County,
Califomia. Alameda Island is located within the San Francisco Bay basin, which lies within the
Coast Range physiographic province of California. The air station is bounded on the north by
the Oakland Inner Harbor, on the west by the San Francisco Bay, and on the south by the San
Francisco Bay and the Seaplane Lagoon.
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Much of the land now occupied by the site was once covered by the waters of San Francisco Bay
.....1_ and most of the land not covered by the bay was occupied by tidal fiats. The tidal fiats and

subtidal deposits are considered a portion of the Holocene Bay Mud stratigraphic unit (also
called the Young Bay Mud). Within the air station boundaries, the Holocene Bay Mud is
overlain by hydraulically placed fill material, which comprises the uppermost water-bearing
zone. The fill ranges in thickness from 0 to 30 feet and underlies most of NAS Alameda, with
the exception of the eastern portion of the base where there is no definable Holocene Bay Mud
unit. The Holocene Bay Mud is underlain by Holocene and late Pleistocene alluvial and eolian
deposits. These deposits are roughly equivalent to the Merritt Sand unit described by Trask and
Rolston (1951). The Merritt Sand is underlain by Late Pleistocene estuarine deposits, which
consist of dark greenish-gray silty clay in the vicinity of Alameda Point, and is considered an
aquitard in this area.

Different authors have used different stratigraphic names and slightly different definitions when
referring to the Late Pleistocene estuarine deposits. Trask and Rolston (1951) used the term San
Antonio Formation for sediments, which are primarily composed of estuarine clays. However,
Trask and Rolston's San Antonio Formation contains at least one relatively thick and laterally
extensive sand bed. In contrast to Trask and Rolston, Sloan (1992) called the late Pleistocene
estuarine deposits the Yerba Buena Mud. Sloan restricted the name Yerba Buena Mud to
sediments composed of clay, and as a result the Yerba Buena Mud can be reasonably expected to
act as an aquitard. Although the stratigraphic relationships are not entirely clear, Sloan (1981)
believes that most of the San Antonio Formation is correlative with the Yerba Buena Mud. For

the purpose of the data transmittal memorandum, the late Pleistocene estuarine deposits are
referred to as the Yerba Buena Mud because the Yerba Buena Mud, being composed of clay, has
more predictable hydrogeologic properties, and can be reasonably expected to act as an aquitard.

The hydrological units of primary importance to the SESR study are the Merritt Sand, the
Holocene Bay Mud, and the overlying artificial fill material. These units make up the shallow
aquifer. The shallow aquifer has two primary water-bearing zones; one above the Holocene Bay
Mud, in the fill material (referred as the "first water-beating zone") and the second below the
Holocene Bay Mud in the Merritt Sand (referred as the "second water-bearing zone"). The
Holocene Bay Mud has been found to be siltier and sandier in the western portion of the base,
and discontinuous in the southeastem portion of the base. In the southeastern portion of the base,
all units above the Yerba Buena Mud are considered to be in hydraulic connection (PRC 1991).
The alluvial portion of undifferentiated Pleistocene deposits, which underlay the Yerba Buena
Mud, comprise a second, deeper aquifer.

The lithology at Site 5 is characterized by a fill layer between 0 and 12 to 15 feet deep which
consists of interbedded fine sands (well sorted), silty sands (moderately well sorted), and
gravelly sand. Below the fill, the native soils consist of the Holocene Bay Mud deposits, which
are primarily a lower permeability mixture of silty clay to sandy clay, with occasional sands and
silts. At Site 5, the Bay Mud layer is approximately 15 to 20 feet thick.

The groundwater gradient at this test area (2A-A) generally ranges from 0. 001 feet per foot to 0.

! 002 feet per foot and is extremely variable in direction as reported by TtEMI. The groundwater
1_ gradient near 4B-C generally ranges from 0.004 to 0.006 feet per foot as reported in the BERC
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Workplan. The depth to groundwater ranges from 5 to 9 feet below ground surface. Aquifer tests
(slug tests) performed at Site 5 by TtEMI indicate a hydraulic conductivity of 1.7 x 10-3crn/s to

1 -4 , .2.6 x 0 cm/s. The slug tests were conducted over the entire saturated thickness of the upper fill
layer.

2.2 Investigation Objectives
Focused groundwater investigations at Site 5 (Building 5) were conducted by TtEMI from
January 21 to April 6, 1998. The investigation involved collection of discrete groundwater
chemical data to evaluate the nature and extent of chlorinated solvent plumes caused by past
releases at these sites. In addition to this data, BERC has reported data in their Treatability
Study Workplan from investigations at Site 5 conducted during 1996 through 1998.

2.2.1 Previous Investigations
The general scope of work performed during these investigations included soil and groundwater
sampling, laser induced fluorescence (LIF), membrane interface probe (MIP) sampling, and Geo
Vis observations. The specific tasks performed for each site are outlined below. Surbec will
focus on Site 5, locations 2A-A and 4B-C, because these sites are the potential locations of the
treatability study.

2.2.2 TtEMI Investigations
Isoconcentration Maps and Cross Sections
All data from the chlorinated solvent plume investigations at Site 5 were presented in table
format by constituent and by site. The analytical data from the tables are presented in graphical
form on a total of 13 figures (Figures 2 through 14 of the data transmittal memorandum). Each
of the figures presents four plan view isoconcentration maps and four isoconcentration cross
sections for one analytical constituent. Data from a previous investigation conducted by OGISO
Environmental was also used in the development of the maps and cross sections to supplement
the data from the current investigations. Figures 7, 8, and 9 from the data transmittal
memorandum are attached to show the contaminant plumes at the treatability study location and
the surrounding areas.

The four plume maps shown on each figure present the data for four separate depth intervals. For
Site 5 the depth intervals are 5.5 to 9.5 feet, 9.5 to 13.5 feet, 13.5 to 20.0 feet, and greater than 20
feet below ground surface (bgs).

Where there was more than one sample result in a given interval, the highest analytical result
was used for contouring. The contour intervals are less than 0.5 micrograms per liter (ug/L),
0.50 to less than 50 ug/L, 50 to less than 100 ug/L, 100 to less than 500 ug/L, 500 to less than
1000 ug/L, 1000 to less than 10,000 ug/L, 10,000 to less than 100,000 ug/L and greater than
100,000 ug/L. Each map shows all four transect lines of the cross sections for reference.

Four cross sections were constructed for each site through the areas of highest concentration.
Each cross section presents all the analytical data from a given boring located along the cross
section line. All the borings and the sample intervals have been plotted at the correct elevation in
the cross section views as determined from the site survey. The analytical data on the crossi

l_ sections is contoured to the same concentration intervals as the plume maps.
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Eight figures in the data transmittal memorandum (Figures 7 through 14) present the results of
the investigation at Site 5. Seven constituents, (1,1,1-TCA; 1,1-DCA; 1,1-DCE; 1,2-DCE;
chloroethane; TCE; and vinyl chloride) are presented in seven of the eight figures (Figures 7
through 13). The eighth figure (Figure 14) for Site 5 shows the distribution of dissolved oxygen
and redox potential as measured in the field. This figure includes one plan view map with data
presented at each location. Four cross sections are included in this figure with analytical data at
each sampled interval.

Summary of Findings
The cross sections and plume maps of the Site 5 area, show additional detail of the chlorinated
solvent plumes at each location. Although spacing between boring locations is relatively large
(approximately 150'), a good definition of the plumes is achieved both laterally and vertically.
Overall, contaminants were found to be more extensive than previously thought.

Site 5

Four distinct plumes have been defined at Site 5. The plumes are generally located within
Building 5 and have for the most part been located by the previous OGISO Environmental
investigations The extent and concentration levels of these plumes have been further defined
laterally and vertically by this investigation. In particular, the westernmost plume was not well
characterized by the previous investigations; however, this plume is now defined.

The focus areas are located near soil borings 2A-A and 4B-C. The proposed 20' x 20' treatability
study area location, as proposed by TtEMI, is at 2A-A. Surbec has reviewed the site
groundwater data and feels that location 4B-C may also be suitable if the concentrations of
chlorinated solvents in the groundwater are high enough. Based upon the current
isoconcentration maps, site 2A-A has a total volatile organic concentration of 58,525 ug/L as
compared to location 4B-C, which has a total concentration of 195,448 ug/L.

The most extensive contaminant at Site 5 appears to be 1,1-DCA (Figure 8). 1,1-DCA is found at
levels from 2,200 ug/L to 14,000 ug/L in the four separate plumes. The contaminant with the
highest concentration is 1,1,1-TCA at 100,000 ug/L, however, this result is from the previous
OGISO investigation. The highest concentration detected by TtEMI in this investigation was of
a concentration greater than 34,000 ug/L 1,1-DCA at exploratory location 4-5.

Generally the depth intervals with the highest levels of contamination at Site 5 are 5.5 feet to 9.5
feet bgs and 9.5 feet to 13.5 feet bgs. Below 13.5 feet bgs, contamination is less prominent
although significant levels of some constituents can be found. Below 20 feet bgs contamination
is scarce and levels drop off considerably.

2.2.3 SCAPS/BERC Investigations
SCAPS surveys were completed in 1996, 1997, and 1998. The 1996 survey showed fluorescence
intensities indicative of free product from 8.1 to 9.3 feet BGL at a location (IRS-02) immediately
north of the waste oil/solvent tank location approximately 110 feet north of 4B-C. A soil sample
from this location confirmed the fluorescence, indicating a soil concentration of 4360 mg/kg total

......._ VOCs and 2600 mg/kg TCE.
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....... The following 1997 SCAPS survey positively identified the presence of NAPL using the Geo
Vis video microscope. The NAPL was observed as separate phase droplets and ganglia existing
in the pore space. Soil samples were also collected to quantify the VOC concentrations in the
soils. The maximum TCE concentration was detected at 2700 mg/kg in a location near IR5-02 at
a depth of 8.2 to 9.2 feet bgs.

In August 1998, a SCAPS survey was conducted to identify the outer boundaries of the NAPL in
the vicinity of the waste oil/solvent UST. LIF and MIP were used to locate the NAPL outer
limits. The thickest location appeared to be at PC-2 with thinning away in all directions. Soil
samples were collected during this investigation with maximum total VOC concentrations of
3756 and 5890 mg/kg at locations S-30 and S-38, respectively. TEPH characterized as jet fuel
(Ci0 - C42)was detected at 25,000 and 9400 mg/kg in soil samples from 8.0 to 8.5 and 8.5 to 9.0
feet at location S-38. TCE was detected at a concentration of 2170 mg/kg in a soil sample from
S-38. Groundwater samples were also collected using the MIP system. TCE was detected at a
maximum concentration of 1786 ppm from location MIP37 located immediately north of the
UST at a depth of 9 feet bgs.

In September 1998, BERC completed a soil sampling investigation to delineate the western and
southern boundary of the NAPL at the waste oil/solvent UST location. BERC collected soil
samples from four borings. High concentrations of TEPH were detected in TMW-7 at 11,000
mg/kg at the 7.5 to 8.0 foot depth. Total VOCs were detected at 68 mg/kg at this location. The
three other locations were outside the NAPL plume boundaries.I

Data summary tables for the SCAPS and BERC site investigations are attached. This data will
also be included during the final modeling for well locations and screen depths along with the
results of the Geoprobe investigation.

2.3 Site Selection Investigation (SSI)
The SI was conducted on January 30 and 31, 1999 and consisted of the following activities.

1. The completion of three (3) soil borings, one (1) 8 feet east of TtEMI sampling
location 2A-A, and two (2) near TtEMI sampling location 4B-C, one (1) 10 feet north
and one (1) 10 feet south of 4B-C (Figures 1 & 2).

2. The collection of one (1) soil sample for laboratory analyses of volatile organics by
method 8260 from each boring.

3. The installation of groundwater monitor wells in each soil boring, and
4. The collection of groundwater samples from each well for analyses of volatile

organics by method 8260.

2.3.1 Soil Sample Results
During the SI, soil samples were collected from each boring and analyzed with a Photovac 2020
organic vapor analyzer. The samples were composited on 1.0 to 2.0 foot intervals for field
analyses. The field screening was used to determine the soil samples to be submitted to the
laboratory for analyses of volatile organics by method 8260. The results are summarized in the

.....] following table.
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I,: Soil Sample ResultsContaminant SoilConcentrations,ug/kg
4B-CN 4B-CS 2A-AE 4B-CS1 2A-AE1

Depth 12.0 ft. 12.0 ft. 7.5 ft. 10.0 ft. 12.0 ft.
l, 1-Dichloroethene ND ND ND ND 230

l, l-Dichloroethane 3100 ND ND ND ND
2-Butanone ND ND ND ND ND

1,1,1-Trichloroethane ND ND ND ND ND
1,2-Dichloroethane ND ND ND ND ND
Carbon Tetrachloride ND ND ND ND ND
Chloroethane ND ND ND ND ND
Cis-1,2-Dichloroethene ND ND ND ND ND
Trichloroethene ND ND ND ND ND

Vinyl Chloride ND ND ND ND ND
Sec-Butylbenzene ND ND 260 ND ND
Methylene Chloride ND ND ND 4000 ND
TPH-purgeables(C7-C12) NA NA 820,000 NA NA

3100 ND 260 4000 230

TOTALS (8260)

The results of the soil sample analyses indicate low levels of contamination. The sample from
4B-CN contained the highest concentration of suspected volatile organics 8260 (1,1-
Dichloroethane) at 3.1 mg/kg. The sample 4B-CS1 from the 10.0 ft. depth contained 4.0 mg/kg
of methylene chloride. Methylene chloride was not expected based upon the review of previous
data during preparation of the WP. The other samples contained very low levels or were non-
detect of volatile organics 8260.

The sample 2A-AE contained high concentrations of a possible fuel contaminant. A total
petroleum hydrocarbons analyses was conducted to identify the range of hydrocarbons. The
results indicated 828 ppm of C7 to C12 purgeable hydrocarbons. Extractable hydrocarbons C12 to
C22 could not be analyzed as the soil sample was preserved with methanol which would blow out
the flame during the detection run.

2.3.2 Groundwater Sample Results
Groundwater samples were collected from the three (3) monitor wells installed in borings 4B-
CN, 4B-CS, and 2A-AE. The wells were developed and purged, allowed to equilibrate for a
period of time, and were then sample for analyses of volatile organics 8260. The results are
summarized in the following table.
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I Groundwater Sample Results
Groundwater Concentrations, ug/l

Contaminant 4B-CN 4B-CS 2A-AE

1,1-Dichloroethene 6800 690 320
1,1-Dichloroethane 2200 2100 5000
2-Butanone 780 ND ND

1,1,1-Triehloroethane 5800 270 510
1,2-Dichloroethane 250 ND ND
Carbon Tetrachloride ND ND ND
Chloroethane ND 100 2300

Cis-l,2-Dichloroethene ND ND 480
Trichloroethene ND ND 170

VinylChloride ND ND 840
Sec-Butylbenzene ND ND ND

15830 3160 9620
TOTALS

The groundwater results indicate that the groundwater in the vicinity of monitor well 4B-CN
contains the highest levels of volatile organics at 15.83 rag/1. The original proposed Study site,
2A-A, indicated a volatile organics (8260) groundwater concentration of 9.62 mg/1.

2.4 Data Needs

The data gathered during the SI indicates that the groundwater in the vicinity of 4B-C has a
higher concentration of volatile organics than in the vicinity of 2A-A. The groundwater
concentrations are significantly lower than the TtEMI reported groundwater concentrations
possibly due to the dilution occurring in the Surbec well screens. The three (3) wells installed by
Surbec were screened over the entire length of the aquifer whereas the samples collected by
TtEMI were discrete samples collected over smaller intervals. Hence, discrete depths could yield
much higher results as they are specific to that depth. As a result, Surbec feels that additional
discrete sampling and analysis would remove much of the uncertainty and yield data necessary to
select the final locations of the injection/recovery system wells.

Another concern discovered during the SI was the detection of a probable fuel contamination at
location 2A-A. The results from 2A-A indicated the unexpected significant presence of LNAPLs.
The LNAPLs at 2A-A introduce the question whether higher groundwater concentrations of
DNAPLs are present and are being reduced due to solubility competition with the LNAPLs (i.e.
Raolts Law).

Although the data indicates that 4B-C is potentially a more suitable site for the Study, Surbec
proposes discrete sampling in the area of the three (3) wells to verify this conclusion. In addition,
the direction of greatest contaminant concentrations at each sampling location is not known
based upon the limited data collected in the SI. This area will be determined to assist in
positioning the Study cell at the selected location.
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.... 2.5 Additional Geoprobe Investigation
Surbec will conduct an additional investigation of 2A-A and 4B-C as follows.

1. Four (4) additional geo-probe holes will be drilled near 2A-A to collect discrete
groundwater and soil samples. The holes will be placed 15 feet northwest of 2A-A, 20
feet northeast of 2A-A, 10 feet south of 2A-A, and immediately adjacent to MW 2A-
AE. The soil and groundwater sample results from these locations will add data to
determine the vertical and horizontal direction of the source of contamination at 2A-
A, and will also add data to determine the influence of the LNAPL on DNAPL
detection and movement (Figure 2.1).

2. Six (6) additional geo-probe holes will be drilled near 4B-C to collect discrete
groundwater and soil samples. The holes will be placed approximately 30 feet
northwest of the northern well (4B-CN) installed at 4B-C, 15 feet northeast of 4B-
CN, 15 feet east of 4B-C, immediately adjacent to MW 4B-CN, immediately adjacent
to 4B-C, and 40 feet southwest of 4B-C inside the building (Figure 2.2).

The depth of the selected soil samples are documented on Table 3. The soil sample interval
distance will decrease, or the sample frequency will increase, toward the Bay Mud, the suspected
confining layer. A duplicate sample will be collected from each boring as shown on Table 3.

[ The soil samples will be collected from continuous cores samples obtained in plastic core
......1__ samplers during the geoprobe activities. The plastic liner will be cut at the selected depths, and a

syringe will be immediately inserted into the core. Approximately 7 cubic centimeters (cc), or 10
grams, of soil will be collected in the syringe and will immediately be placed into a 40 milliliter
vial (VOA) which contains 20 milliliters of methanol. The empty VOA and VOA with the
methanol will be pre-weighed by the analytical laboratory, and both weights will be recorded in
the laboratory field book and on the VOA label. The purpose of this method is to decrease the
potential loss of contaminant due to volatilization.

The soil samples will be shipped on ice under chain-of-custody to a Surbec associated laboratory
(Environmental Analyst Ltd.) in Norman, Oklahoma for 8260 analyses. A duplicate soil sample
from the 10.0 or 11.0 foot depth interval from each boring will be shipped to Curtis & Tompkins,
Ltd in Berkeley, California for volatile organics analyses using method 8260 for QC.

As previously mentioned, the entire soil core from surface to total depth will be collected using
plastic liners. These cores will be shipped to Surbec, sealed in the plastic liners, for additional
analyses, including preliminary laboratory screening for a surfactant system.

Discrete groundwater samples will be collected from the same depths as the soil samples,
excluding the 7.0 foot depth. The groundwater samples will be collected by inserting a screened
sampling tip to the selected sample depth, and using a peristaltic pump, connected to the tubing
attached to the screen tip, to pump the groundwater. Prior to collection of the sample, purging
will be completed. The groundwater sample hole will be placed immediately adjacent to the soil

....._ core holes at each of the ten locations.
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The purpose of collecting samples from different depths is to attempt to detect the presence of
the DNAPL that may be perched, fingered, or setting at the base of the aquifer, with minimal
dilution from the zone above and below. The samples collected from the locations immediately
adjacent to wells 2A-AE and 4B-CN will be used to determine the amount of dilution, if any,
seen in Surbec's wells previously installed which were screened across the entire aquifer. The
samples collected adjacent to 4B-C will allow a correlation to be made with TtEMI's
groundwater sampling results.

The groundwater samples will be packed on ice and shipped to a Surbec associated laboratory
(Environmental Analyst Ltd) for 8260 analyses. A duplicate sample will be collected from the
12.0 foot depth from each boring at Sites 2A-A and 4B-C, and will be sent to Curtis &
Tompkins, Ltd in Berkeley, Califomia for QC.

The following table summarizes the soil and groundwater sample locations.

Proposed Soil and Groundwater Samplin[: Depths
Site SampleType SampleDepths_ Duplicate2

ft. BGS Depth ft. BGS

2A-A Soil 7.0, 10.0,12.0,14.0,15.0 12.0
4B-C Soil 7.0,9.0, 11.0,12.0,13.0 11.0

J

..... 2A-A Groundwater 10.0,12.0,14.0,15.0 12.0
4B-C Groundwater 9.0, 11.0,12.0,13.0 12.0

Notes:

1. Samples to be sent to Environmental Analyst Ltd. (Surbec associated Lab.)
2. Samples to be sent to Curtis & Tompkins Ltd. (CA Certified Lab.)
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TABLE 9

SITE 5._UMMARY OF ANALYTICAL RI_ULTS

1,1,1 TRICHLOROETHANE (mE/I)

I I

Snmple Snmpk lnlervsls (fl.bgs) ,

1L_mtlouNumber 5_7_ 7.5-9.5 9.5-11_ I1.S-13_ 13.5-15..5 15.5-20.8 20.0-2S.0, 2S.0-30.1,, .t8.0.3_L0
I-2 4.5
I-3 4.s 4J 4.s 4.s 4.s

-- 2-1 s.+ s., i._ 4j 4.S
2-2 -i_ +.i 4.s 4.5 4.s
2-3 4.5 4.5 4.5 4.5 4.5 4.5
2-4 4.5 1.4 0.8 4.5 4.5

__ °,

3-1 4.5 4.5 4.5
3-2 I6 IOO 4.1 4.5 20o 43

..... J.3 2._ 4.s .... 4.s 4.s 4.5-- 4.5

...... 34 4.3 I.q 4.5 4.5 4.5 4.5
_-s 4.s 4.5 4.s 4.s 4.s
4.n u i., i., "" 4.5
4-2 <0.5 43 <0.5 .4.5 4.5
4-3 U !.3 4.5 4.5 4.5 0.5 _O.S 4.5
4-4 3s 3.4 4.s 4s 4.s _2 _.s 4.s
4-_...... 4.s ,0-. 4.s
4-6 4.5 4.5 d.5 4.5

"_-i o.s 4._ 4.s .4.s
S-2 4.5 I I 4.5

5-4 so o.+ 4._ 4.s 4.s
s-s 4.s 4.s 4.s
+-i .... 4.s 4.s 4.s -'
6-2 4.5 O.+ 4.5 4.5
6-3 4.5 4.5 4.5 4.5
6-4 <0.5 4.5
6-._ 4.s ........... _.s
7-1 4.5
7-2 <0.5
7-J 4.5
7..4 4.5

Fle4e:C'emcenlt._tiemsmel_keed+n_'tlyItemtheOnsilelib Ce_ifiedAnalyticalRel_S
6" P+sltm31ed V.llU(,. ovl_r call.allentinge
11.I_+- reelbelowgrmmdsurface

l_lle l olPl



TABU_ I0

SITE S-SUMMARY OF ANAITY'rlCAI,RESULTS

I,I DICHL,OROETHANE(ug#1)

Sample Simple Inlerillls (fLf_s)

Locution Number 5.5-7.5 7.5-9.5 J 9._-1 l.S 11.5-13.5 13.5-15.5 !5.5-20.0 20.0-25.i 25.0-30.0 30.0-$5.0

H

.... i ii ii ii ip illl
I-2 _0.5

I-$ 4.5 4.5 4.5 4.5

2- I I I J6 6.9 _1.5 <0.5
2-2 7.9 13 8.1 7.5 3.9
2-3 220" 170 310"* 290** 2.7' 4.9

......i-_ _.s -- 1.2-- t, _i 19
3'! !.5 <0.5 <0.5

-- J.i ---:+o 4_.... tJ.o-* ---_+o:: - o._ <o.s
$*$ 67 130 II 2211"* 13 4A

_-.i........ ,_ -- Is ...._.z ]ioo.. z_,m.*".....2 ---
_-s 15 ++ i_ i.+ _.s
4-i ,I i.+ i_ 4.s
4-1 I.l ! !.1 <o.5 <o.5

4-I l.i 3.'t 5.i --l.m i:7 <its ' 4.i <o.s
4-,/.... mm -- _i iio_* 14o --i.i- 7,..F-- .al.s <g.5

. 4-5 44011 .I14,0110"* <0.5
4-I II II 13 II

5-I _li.S <0.5 <11.$ .dtl

5-I 34 15 <O.S

5*4 ll** l_)O** liflO'* ._.5 .dl.S
5-5 _o.5 .4.5 _.5

II-I 4.5 _.$ - 4.$
6-| l.l 170 1110** L7

6-$ 1.3 <0.5 O.II d.5
&-4 <O.5 0.5

• " _,.+i <o.s <oj"'
+:

7-I <0.5

7-2 <11.5
7-3 <11.5
7-4 _0.5

Hc_¢:Conc¢,llt,_llon_me liken dlrecdyFromIheOnsileLabCetlifledAnslyllclll Repodl
** l:.lllmalctl "*-.'lhlc.overcillilwllltonrange
n hgs- rc_t_im,_m0nd smfsce

Pile IofI



TABLE I I

SITE S-SUMMARY OF ANALYTICAl., RESULTS

I,I DICHLOROETHENE (ug/l)

S,,mple Ssmple Inlervab (ILbgs) J

LocmliomNumber 5.5-7..5 T.5-9.5 9.5-11_ I I.S-13.5 13.5-1S.S IS_-2e.I _tLO.2S.i
25.0-30.1 3L0-3S.I

j II I I li II I

I-2 _.5
1-3 4.s d.5 d.5 _.5
z-t 4.s d.s -._i_ ' 4.s 4.s ....
z-2 i_ _ _.s d.s _.s
2-3 3.11 <0.8 <0.5 4.5 4.S 4.S
2-4 _.5 d.S d.5 I.S 4.S
_-I _.s d.s d.s
:s-2 _4 _l +i- _.s 4.s d.s
_-3 o.s s.2 d._ 2s ._ d.S
3.4 -- t.n _._ 4.s _.s _.s _.s ....
3-5 d.5 4.S d.5 4.5 4.5
4- I 0.62 !.4 4.5 d.5
4-Z 4.5 4.5 <0.5 4.5 4.5 "
4-3 1.1-- 1.4 --0._ 4.5 4.5 4.5 4.5 4.5

..... ,i-_ i_ ._.b iJ , 4.s o.st 4_q 4.s
- - 4-5 ...... 3_0 .oo 4.s

44 - s _., i.; .... o.,
_-i 4.s 4:_ 4._ <b.s

- " _-2 ...... o.s7 4.s 4.s •
$-$ d.S 4.5 4.5 IJ 4.5 2.8 4.S
s-4 4+ i_o s, 4.s 4.s

...... L+,.... 4.s 4.s <..s "
6*1 4.S 4.5 4.5
6-2 <0.5 4.0 _0.S _0.5

6-_ 4.5 4.s 4.s 4.s
.... _,-4 4.s 4.s -

6-5 _0.5 4.5
7-1 4.._
T-2 4.5

.. 7-3 I. 4.5
7-4 4.5

II

Hole: Cmtcent0allnns m_ taken directly from the Onsile Lib Certified AndyllcIl Rel_rls

ft. bgs " feet below _oimd surfmce
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TABLE 12

SITE 5-SUMMARY OF ANALYTICAL RF_UbTS

eis 112 DICllLOROETIIENE (ug/I)

i i i

S*mple Sample Imlervah (ll.bgsJ

Locution Number S.5-7.5 7.S-9.5 9.S-I 1.5 I I._-13.S 13.5-15.5 15.5-20.0 20.0-25.0 3L5.0-30.0 30.0*35.0
m, , i

1-2 <0.5

t-3 4.s <0.s <0.s <o._ '

_t-t <0.s tt w.s <0.s <0.s
2-2 _.3 _.2 4.0 <0.s <0.s

" z-J +2 +_ _j _+ <0.s <0.s
2-4 <0.5 <0.5 37 3+ 6.S

3-I <0.5 <0.5 <0.5
•1-2 9.0 l.O 136 3._ <0.5 <0.S

3-3 <0.5 l 3.5 3A <0.5 13
3-4 211 111 2.8 0+83 <0.5 <0.5

3-5 9.7 4.5 2._ <0.5 <0.5
4-1 t.2 1.4 0._ <0.5

4-z w.o 4.o <.J <;.; :_ <0.s ""
4-3 <0,$ I,I ]tl 'l.n I.I <0.5 <0.!I <0.S

4-4 <0.5 0.+ II 21 0.S <0.5 <0.5 <0.5
4-5 <0.5 _2 <0.5
4-6 2.4 3.4 3.6 22

s-t <0.s <0.s <0.s <0.s
s-2 -_io _.s <0j
5-3 -- 1.2 0.04 l.i 8ZO <0.5 4_1 17 ......

5.4 t.6 o. T.6 <0.s <0.s
s-s <0.s <0.s <0.s

• - '-+ -- <0.s <0.s <0.,
t;-2 33 15 1.4 <0.5

6-3 _11.5 <0.5 <0.5 <0.5

I 6-4 <0.5 I.O...............................................................................................l i i | i i i i i

6-5 <0.5 <0.5

7-1 <0-q i.................. I ....... I ..... I ...... I ........... I ...... "'-"..... I .........
7-1P <0.5
7-3 <0.5
?-4 "" <0.5

Hole" ConcenOr:tlioosare takendltectlyfi'omtheOnsileLib CertifiedAnslyticslRepmls
ft.bgs-fecl belowgtmtmtsmface

I_ lolI
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TABI.,I_ 13

SITE S-SUMMARY OF ANALYTICAL RF_,SUI.,TS

tnms 1,2 DICHLOROETHENI_. (ug/I)

I I

SampleInlervils (ILl, s)Ssmple

l Jr_fi_n N---_.r 5.5-7_ ?_q-9_ 9.5-11.5 I LS-15_5 13_5-15_ IS_-2lJ, 20.0-25.0 25.0-30.0 30.0-35.0
n-_ <_.s
I-3 d.s '" <o.s 4.5 d.s
i-i d.s ,_.s d.s _o.s _._

-- 2-2 d.s _.s _.s d.s d.s
2-3 18 IS _0.5 6.a d.S d 5
2-4 d.5 4.5 d.S _0.5 d.5
3-1 d,S _0.S c0.5

--3.2 d.s ._.s _ _ nt d.s 4.s ,,
_.3 d.s ._.s _.s 7._ t.s ._.s

j-;t _o.s 0., s_s , m <o.s
3-5 _0.5 0.S$ _0.5 _O.S _.S
4-o 4.s <o.s e.s, .,-e.s
4-2 d.+ :_.s o.s d.s +.s
4-3 _0.5 _0.5 le I I T.! _o.S _.5 _o.S
4.4-_ _.s _._ - s.0 s.4 .,e.s .,o.s .cos d.s
4-s _.s 4.o ,e.s
4-_ (b.S - _., o., _.,
S-t _,s _o.s _o.5 _.s -- , .........
._._ _._ _.s _.s
s-_ <_._ _._ i._ _o 6i _._ _.6
s-4 ._._ _._ s.i <o.s d,.s
s-._ _._ d.s <o.s
_-_ _:_ -- . _._ ._._
_-z _.s _.._ _.s _o._
_ ._.s _.s <o.s _.s

..... /,_o _o.._ _._
_-5 .¢o.S _o.s
7°| _'_.5 ......

7-2 _0.5
..... _.:_ " ': _.s

I "• ";-o _.s II

Nine:Concenlra01mmsmetakendi_,c41yfromtheOnsileLabCertifiedAndyttcdRepeals
fl, b_s- fee0belowgroundsm.rKe
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TAllLE 14
SITE S-SUMMARY OF ANAI.,YI"ICAhRESULTS

CHLORO_TH.ANE (ug/I)

I Ill I I e IIIll I

Ssmple Sam111•Inlervsls (i'Lbgs) ......

LKsllom Nwmber S.S-7.S 7.5-9.S 9.5-11..5 11.5-13,5 13.q-I S.S IS.5-20.11 20.1-25.1 2S,O-3O.O 30.1-35.0
i1_ n II IIII I I II

1-2 _0.5

I-_ 4.5 _.s _._ d.s _ -
2-1 _.5 2.7 d.s .,o.s ._.s
2-_ _., d.s . ,.s d.s ._.5
2-3 e., ,t 45 x2 _.s -o.s
2-4 4.s d.s d.S _.s ,4
_.i d._ ._.s _:_
_-2 i.i 4._ i_ tO...... _._ ,._ "'

j-_ 4.s _o.5 d._ o._ .... .._l lr.,
:3-4 21 2_ 1140 I IO0 77 1.9

3-5 _).5 _0.5 d.5 c0.S _O.S
4-1 _0.5 <tl.5 11.511 <e.5
4-2 ._.s _.s o.,4 _.s _.s

4-4 43 ..9 4.S 6.) 411 1.7 _ILS ,diS

" ._-._ " _m ,o _.s
44 ._.s _.s .4i._ ,s.s

" s-i _.s d.s _.s ._.s

-_-_ "_.._ 4._ _! _,.s _.._ _.s _ [
s-4 ,., d.s _ -I _.s _ .,,.s

....... s-2"- ._._ - 2, -i3 _._
I_-:3 @.$ I0 <l.S _O.S

6-4 _.5 _0.S
_-5 d.S ,c0.S

7-1 4.S
7-2 _11.5

7-3 <0.5
7-4 _0.5

I I I I

Nnte" Concentrmflomm,eoakendirectly fromtheOnsileLabCmifled A.msl_ Rel_s
ft. bgs - red betow gmuml surrace

l_le I dl



TABLE 15

SlTI_ S-SUMMARY OF ANALYTICAL RESULTS

TRICHUDROETHI_NI_ (ur,/I)

i i , , I

Simple , Smmple |mlervah (fl.bgs)

Lo(stlou Number S_-7,5 7.5*9,5 9.5-11,5 11.5-13.5 13_-IS_ I .+_%-21.0 20.ll-2.q.O 25,0-30.0 30.0-35.0
i | in is I ii

1-2 _0.5
I-3 d.s _s ' d.; d.s
2-n <o.s n._ _._ <o.s .,:o.s ....
2-i- ii is 7.o -o.s d.s .......
_:_ 3.s .o.; d.s d.s d.s _o_+

3.1 _.s _o.s d.s
-- 3-2 _ 24 6o b.Ts <o.s .o._

3.) _o.S _.s (o.s 0_ d.s d.S ....
5-4 4.3 o.i <oJ b._ d.i <o.s
3-5 I.$ 1.2 d.S _0.S <0.5

4-I 1.4 IO 4.S -- '.aLS
4-z o.s+ ,.s _o.S..... d.+ .....<ts '
4-3-- 3.s s.o 7._ <o.s _.i d.s .,+.S <oj
4-4 1.7 0.7 11.4 I I ,c8.S ,(O.S <t.S .dLS
4-5 .d).$ 4z 4.S
4-6 <o.s _o.s _o.$ 0.8
5-1 0.72 <ms <O.S d.S

.... i....

.q-2 0.7? le .dl.S

- ._-_ J.i ,e.5 ,._ ;._ d._ .
5-4 I.I 21 1.11 <411.5 <e.S

.'J-++...... _o.s d.s _o.s
6-1 _0.$ <LS d.S
I;-2 4.3 1.0 d.S .¢e.S

6-4 _O.S 0.72

_-._ <o.s _.s ..........
" +-i <o.s

7-2 _.._
7-3 4.5

.... _.+ ......... ,---_.-+--, .......... ....

14me:Cmc,enlvntlmsmelakm dl_ecllyfrom die Onsile Lib Ce_ifiedAnnlylicMR_,_i
n bl_s- reelbelmv _,rmmdstorage

lqll_ l olI



TARLE16
SITE S-SUMMARYOF'ANALYTICALRESULTS

VINYLCHL,ORIDE(ug/ll)

.... , m,, r ,

Smmphe , , Ssmple Imterv-ls (ft.bL.s)

[,o¢,,llea Number S.S-?.5 7.5-9.S 9.5-11.5 11.5-13.5 13,._-IS.S IS.S..20.0 2Lll-25.0 _LS.I*.IO.O 38.0-$S.0

t-2 43 ....
"i-i ' d.s 4.s .,o.s 4.;

2-t-- 4.5 _.i d.s 4._ as
2-2 4.5 d.s o.s 4.5 _._
2-3 7, s.i m , _._ 4.S
2.4 4.5 4.s 2.S s.s i.9 ' '
a-1 4.s *0.s 4.s
a-i *.s 4.;' 4._ m 4s 4.;
3-$ 4.5 2 3.t _9 o.9 ts
3-4 4.5 l| l.T l.S 2.4 ,,dl.S
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4-4 ,¢0.S 1.3 4.4 7.3 ,dI.S '.0.5 ,dis ,:O.S
4-5 1oo 1_0 4.5
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5-$ -0.5 <0.5 0.| 190 20 II U
5-4 l.l .3_1 11 4.5 4.5

5-5 4.5 *0.5 *0.5
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<0.5 1.9o .
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7-1 ,(e.5

., .,,
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7-4 <O.5 I.,III
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A._I S.2S S.ZS S2S S-_ S._ s._ s-29 s.2_ s-_ s-30 S.So s.30 sJo s.3s s.ss
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1.1.D_chk_octhme <0,$ <0.$ <0.S <0.5 <0.5 _0.$ <0.5 <0.$ <).$ <0.$ <05 3,54 <OJ _|,lBI <30
¢il-| ,2-Di¢lklol'oelhene ¢0,$ <0._ <0,5 <0.5 ..34 S.2S S.09 2.98 _.1_i S'f_! 1.48 IS,83 <0..' st.4si [¢_._1
Sthylbem_e cO.S _O.S <_.5 <0.5 <O.S <Q,S.... ._.$, _,,5 <1I).$1 t).461 <0,$ $3'1 <Q.._ . 3.S_s
_,_o,,3 <o.s _.s <o.s <o.s <o.s <o.s_ <o.s] _.o_ o._ . n,u <o.:: -.!_.1 i"l
hopqr(q_roennmo <0.$ <0,$ <0.$ <O.S <O.S ',:0.$ <0.$ <0:$ <0,$1 0.69 <0.$ 4.49 <0.',_
pl_L_OWItoluer_ <0.5 _0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5i 3,29 <0._ 9.?e <0.',- I . __.17i <30
Memylc_-ddoddo <O.5 _0._ <0.$ <0.5 _.5_ <OJ <0.$ <0.$,,<0._ <OJ <0._ <0.$ <0._ <3O

<o.s ,,0.5 <o.s _.s <o.s <o.s <o.s _.s _.s_ <o._ a.. <0.5_

n-l_pyJbem_ <0._ <0,5 <0.5 <0.5 <0.5 <0.$ <0.5 <0.5 <0.5_.61 <0.: 9.76 ,_O.$r._.___.__ <30
_.O_/Ibcru_ne _0.$ <0.1 <0.5 ,m.S _.S <0.5 <O.5 <O.S ,:O.Sl I._ ,O.S'6J_ <0.$1 S._l <30

te_-Bmytl_,_ze_ <O.S <0,5 <0.5 _.3 ,:0.$ <115 <0,._ <0.$ <0..I . _,..5 <0.$ e.44 <0,$ .
Tus_ido_-tS_ _.$ <0.$ _0.$ <0.5 ,,:0.5 <0.$ ,co._ <0.$ <lJ 9.1g _._ _ <o.5, 44.'_._,_.__J3_.Y_

Tolue_ <05 ¢0.5 _0.5 _0.5 _).5 __0.5 .__.5 <O.S _0._ - O'sg_ _)'S ,, _'&3_ cO.S_ 203g ,,, 68.51
1,1.1._,_,n,_,_ _.$ _o.s _.s _.$1 0.4sl o._1 0.6d _.s _._ |z,24 |.2 _ |8@ <0.$ _ 105 462

I,t,2.Tdchto_octhm_ _).5 <0.S <0._.$ ,,:0._ <0.5 <0.5 <0.5. <0.5 _ 0.3d ,, <3(
Td©hlor_d_ne 3.4Si 84.16 7.13 111:_] <0.S _ 217(
1,2,4.1rimelby_en_ene <0.$ <0.$ _0.$ <0,$ ,=0.$ <0,5 <0.5 <0.5 <O.S J$,77 _0.? I_ <0,_ 72.0.$] , I0_
1,3.5.trimtth_tSe_en_ <03 <0.$ <0.5 c6.5 <0.$ _.5 ,,:0.$ <0.$ ,,:0.$_ <1}..I 41 <OJ Z3.IS Z¢.$_,
o-Xylem° <0.$ <0.5 _0.$ <O.S _0.$ <0..5 _0._ <0.$ 4:0.5 l J@ <0.$ 17.57 <OJ 9.26 ,. IT.I._
p.m.XyJmes <O.S <0.$ <0.$ c0.$ <0.$ <O.S <0.$ <0.5 <O.S 1.115 ,c0.$ 3_.26 <0..I 16._ . .34J_

• To_l VoIWIeOq[mi_Compmm_- O O | 0,7' 8 23 14 14 l 151 II 18,33 0 904 33£I.08

T_I ]_d_taldbP_l_mm
H_lrooarbena S01_ NA NA NA NA NA NA NA NA HA NA NA N& NA 33,000 9400

l, m m,, __ i,,,. i

Hot_:
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Table2-3

I S_,n-y ofAnalyticalResultsforGoundwaterSamplesfirm !998SCAPSInveStigation
1_ byAnalyti_ Meted 8265

Conoen_fio_partslX'r_on , ....

sample
Location Depth,feet Tfichloroethene Dich]oroethene Tetrachlomethene

MIP21 3.0 $ ND ND
MIP21 4.0 4 ND ND

- ivaP21 s.o 12 _n) in)
MIP21 6.0 12 ND ND
MIP21 7.0 16 lqD ND
MIP21 8.0 42 ND lqD
bliP21 9.0 30 ND ND
MIP21 10.0 18 ND ND
MIP21 " 11.0 33 ND ND
MIP21 12.0 15 blD ND
MIP21 13.8 1.5 ND ND
MIP21 14.0 ND ND ND "
MIP21 15.0 ND lqD ND

_nP22 3.0 _ 1_3 m)
•. MIP22 4.0 2 ND

l MIP22 5.0 2 ND NDMIP22 6.0 I _ lqD
MIP22 7.0 9 biD ND
MIP22 8.0 113 ND ND
MIP22 9.0 95 ND ND
MIP22 10.0 4 ND ND

_t

MIP22 II.0 ND HI) HI)
MIP22 12.0 ND HI) ND
MIP22 13.0 ND ND ND
MIP22 14.0 ND ND ND

MIP23 3.O ND ND ND
MIP23 4.0 ND ND ND
MIP23 5.O ND ND biD
MIP23 6.O ND 14I) ND
MIP23 7.0 0.$ ND ND .
MIP23 8.O ND ND ND
MIP23 9.0 ND ND ND
MIP23 I0.0 ND ND ND

11.0 ND ND ND
12.0 ND ND 1_

MIP24 3.0 ND ND ND
Mll_4 . 4.0 ND ND ND

1i.



Table2-3

Summaryof ,emalytimdResultsforOomxdwater-q_n_.lesfrom19988_2S Investigation
by_-_bq_d X_od S265

Concentmtion_torts_ermiuion

Sampt_
Location. Dep_ feet, Trich]oro_ene I_chloroethe_e Tetrachl.or_-the_e,

MIP24 5.0 lqD ND 1413
MIF24 6.0 lqD _ IqD
MIP24 7.0 ND ND ND
MIF24 8.0 ND ND ND
MIP24 9.0 1_ HI) ND
MIF24 10.0 lqD ND lqD
MIP24 U.0 lqD ND lqD
MIP24 12-5 ND ND ND

MIP2$ 3.0 lqD ND ND
4.0 _ ND ND "

MIP25 5.0 1 ND ND
MIP2$ 6.0 6 1 ND
MIF25 7.O 3 1413 14D
MIP25 8.0 2 ND 1413
MIP25 9.0 3 _ ND
MIP25 10.0 $ I',ID

"......_ N 11.._ $ 4 l_

MIP26 3.0 21 ND ND
MIP26 4.0 _ ND ND
MIP26 5.0 52 IqD ND
MIF26 6.0 43 ND ND
MIP26 7.0 4 _ ND

8.0 1 _ lqD
MIP26 9.0 0.5 lqD HI)
Mlln26 10.0 _ lqD
MIP26 II.0 lqD ND ND
MIP26 12.0 1_ 1_ ND

MIP27 3.0 lqD ND
MIP27 4.O HD I_D ND
MIF'27 5.0 5O lqD
MIF27 6.0 10 _ ND
MIP27 7.0 5 lqD 1413
MIP27 8.0 550 _ ND
MIP27 9.0 250 ND ND
MIP27 10.0 lqD lqD lqD
MIP27 11.0 @ ND ND
MIP27 12.0 lqD lqD ND



......... Table2-3$nmTm_yof_h_lyt/calResultsforGoundwa_ Samplesfrom1998SCAPS Investigation
byAnalyticalMethodS265

Sample
Location Depth,feet TricHoroethenc DicI_oroethene Tetrachlmee',bmc

MIP31 3.0 _ ND ND

IvHP31 4.0 HI) _
MIP31 5.0 _ HD
M]1_31 6.0 HD HD ND

u,31 7.0 4
MIP31 8.0 7 lqD ]_]D

MIP31 9.0 7 HD HI)

MIP31 10.0 11 l'qD ND

MIP31 II.0 I1 ND ND

I_P31 12.0 6 ND ND

MIP31 13.0 HD HI) HI)

MIP31 14.0 HI) HD 1_)

MIP32 3.0 _ HD HI)

...... bliP32 4.0 HD lqD NDMZP32 5.0 HI) HI) HI)

MIP32 6.0 lqD lqD lqD

MIP32 7.0 HD ND ND

MIP32 8.0 3 ND ND

MIP32 9.0 4 ND ND

MIP32 I0.0 5 ND ND

HIP32 11.0 lqD ND ND

MIP32 12.0 l_ _ HD

MI]_3 3.0 ND ND HI)
MIP33 4.0 ND ND ND

MIP33 5.0 0.5 ND ND

M1P33 6.0 I _ ND

MIP33 7.0 3 ND HD

MIP33 8.0 4 HD HI) "

MIP33 9.0 6 ND ND .

MIP33 10.0 5 HD ND

MIP33 I 1.0 5 ND ND

MIP33 12.0 I ND ND

MIP34 3.0 ND ND ND

_DPM 4.0 lqD HD H'D

..... MIP34 ' 5.0 HD ND ND' MIP34 6.0 lqD h'D HI)



_ Table2-3
Summmyof'Ana/yti_ Re_ts/or GoundwaterSamplesfrom1998SCAPSInvesl_afion
by_ Method8265

w

..... Con,ccn_lio_ partsperminion .....

.... Depth,feet , T_cblonx_%n_ Dichlon_th_ T_l_lomcth_

MIP34 .7.0 _ ND ND
MIP34 S.0 ND ND ND
MIP34 9.0 ND lqD ND
MIP34 10.0 NI) lqD ND
MIP34 11.0 ND _ lqD
MIP34 12.0 ND ND

M_35 3.0 1_ _ 1_
MIP3$ 4.0 l_ l_ lqD ,,
MIP35 5.0 1_ lqD lqD "
MIP3$ 6.0 1_3 ND lqD
MIP35 7.0 15 72 ND
MIP35 8.0 22 63 lqD
MIP35 9.0 55 69 lqD
MIP3$ 10.0 100 60 ]qI)

L MIP3$ 11.0 59 42 lqD
-"_ " MIP3$ 12.0 I1 25 ND

MIP37 3.0 6 ND lqD
MIP37 4.0 78 lqD ND

" MIP37 5.0 55 ND ND
MIP37 6.0 47 lqD lqD
MIP_ 7.0 192 ND ND
MIP37 8.0 1223 ND lqD
MIP37 9.0 1786 ND ND
MIP37 10.0 998 ND ND
MIP37 II.0 80 ND lqD
MIP37 12.0 35 ND lqD

MIP39 3.0 ND ND lqD
MIP39 4.0 ND ND iqD
MIP39 5.0 lqD ND lqD
MIP39 6.0 lqD ND lqD
MIP39 7.0 lqD lqD lqD
MIP39 8.0 lqD ND ND
MIP39 9.0 lqD _

MIP39 I0.0 I_D ND HI)
MIP39 11.0 ND l_ lqD

MIP39 12.0 lqD ND ND_,, j-



Table2-4

_,-_my ofAas/y_d R_Jalu forGcendwata"Ssmp/c__,_,,_1996_ lnvmtilptioa
/

' ._,*1_ Ccmc_tnttlon,miligntmpa"liter
3BC 3BD

.,Judy_d
P.._eter Method 10feet 12 feet I0 feet 13 feet 20 feet

v_mtaeOrg,_ Ce_w,,_ S26osm,m

Bern:too ,,_0.0005 e._o_. 0.00093 41,_093J _0.0005
C_bm _ 0.022 UI_ Le04S <9.000_ <0.00_

C_dmeethme O.OO46 Le00t 0.00078 t04l I _.0005
I,.l-Dichlemetham 8.170 _051 0.170 8.m4J[ ,_.0005
1,2-Dichkloeths_ (k0006 L001S 0.0019 _.0005 _0.0005
|,1_ L0.34i 0.0215 0.1131 0.8017 _O.000S

;ds..l.2-_ Ikla @.12e _ 8.0007 <0.0005
Irms-l,2-_ tOO2_ 0.013 _e_4 O.OO21 ,aO.O00$

_y_=. .o.ooo, _o.ooo5 _o.ooos_
T.,_=.e_ I '_! uolsl [ tom__°'°°°_ ,o.ooos
Toamme ¢0.0005 _0.c00s r _o.o00,_ ,_0.000_

l.l.l-T:ichlmeahs_ O.IS0 0.077 t 0.028 _18"eoe59 _.0005

Tdckkeecthmc O.n0 0.0_ 0.130 ,,eU00$

Vinyl chloride ILiOn: 0.012 L 0,046 . _.0005
m,p-Xylmm _)_D005 ,_0.0005 0.000_ <0.0005

.o-Xylme _}.0005 <0.000.5 8.N07 ._}.000_ ¢0.0005

TotalVoistik _ Cc_pomds 0307_$ 0.3614 057638 _077_; _.0005

< iadica_ ,..-._.-,_ wm net ,4-t-,_ st the deWctim_,.,;tiadieated
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" Figure 2.5 Estimated NAPL zone



3.0 TECHNOLOGY DESCRIPTION AND PROCESS DESCRIPTION

Surfactant-Enhanced Subsurface Remediation (SESR) is a unique technology for expediting
subsurface remediation. The surfactants applied in SESR are nontoxic and commonly used in
soaps, lotions, shampoo, and even food products. The surfactant system, usually an anionic or
nonionic surfactant, is designed to remove organic contaminants, including chlorinated solvents,
from contaminated soil. Surfactant/cosolvent systems can increase the solubility of hydrophobic
organic compounds by several orders of magnitude and/or can significantly increase the mobility of
nonaqueous phase liquids (NAPL). The result can be a significantly reduced remediation time,
increased removal efficiency (up to 3 or 4 orders of magnitude), and reduced costs of removal.

The amphiphilic structure of the surfactant causes the surfactant molecules to prefer interracial
regions, thus making them "surface-active" (refer to Figure 3.1). The monomers will continue to
accumulate at the air/water and soil/water interfaces until saturation occurs. When the surfactant

concentration in aqueous solution reaches the point of interracial surface saturation, or the
"critical micelle concentration" (CMC), the surfactant molecules (monomers) will aggregate into
dynamic clusters called micelles. The effective solubility of NAPL compounds in micellar
surfactant solutions can be several orders of magnitude higher than in water alone because
hydrophobic compounds will partition into the "oil-like" interior of the micelles.

Surfactant/cosolvent solution chemistry can be optimized to produce ultra high solubilization
capacities without mobilization of the NAPL (ultra solubilization). Ultra solubilizafion can be
achieved by optimizing the surfactant phase behavior between solubilization and mobilization
(Figure 3.2). In general, micellar systems transition from normal to swollen micelles (Winsor
Type I), to middle phase systems (Winsor Type III), and finally to reverse micelles that reside in
the NAPL phase (Winsor Type II). For a given NAPL, this phase behavior can be regulated by
solution salinity and hardness, temperature, and properties of the surfactant or surfactant mixture
(Shiau et al., 1994).

If the interfacial tension (IFT) at the NAPL/water interface is sufficiently reduced, trapped
droplets of NAPL can be released. However, there are special considerations that must be
incorporated into the design of this process. One primary concern is the potential for increased
vertical movement of DNAPLs. Hydraulic control systems could be designed to account for
increased vertical flow potential. Another alternative is to design the system to counter vertical
density gradients by adding sufficient low density substance (that is, cosolvent) to neutralize the
effect. In addition, the viscosity of the flushed solution can be adjusted (increased) to offset the
effects of reduced IFT. Also, the formation of middle phases (mobilization mechanism) is
sensitive to changes in water chemistry. Consequently, the mechanism of choice for this site will
be made based on careful review of soil/water geochemistry, contaminant distribution, and site

geology.

Surfactant flushing solutions can be designed to be effective under most subsurface conditions. In
most cases, the effectiveness of surfactant flushing solutions is not reduced due to the presence of
more than one contaminant. Natural occurring divalent cations and salts can affect the performance
of certain surfactants and may also affect the removal efficiency for cationic heavy metals.

April 1999 Section 3.0 TechnologyDescription and Process Description 3-1



However, it is possible to design an effective surfactant system for removal of the target
contaminants under any of these conditions.

A number of factors influence the overall performance and cost effectiveness of SESR systems.
These factors include:

• Local groundwater chemistry
• Soil chemistry (for example, sorption, precipitation)
• Ability to deliver the surfactant solution to the area of contamination
• Surfactant effects on biodegradation of the NAPL compounds and degradation of the

surfactants themselves
• Public and regulatory acceptance
• Cost of the surfactant

• Recycling and reuse of the surfactant
• Treatment and disposal of waste streams

Surfactant reuse is important for economic optimization at most sites. High surfactant recovery
from the subsurface and effluent stream improves the economics of the technology. In response
to this requirement, Surbec and the University of Oklahoma jointly developed an integrated
process of surfactant injection, recovery, separation, and concentration for reuse.

Some hurdles have been cleared in gaining regulatory approval for surfactant injection into
aquifers. The University of Oklahoma (Knox et al., 1997) was able to gain regulatory approval

...... for a surfactant injection in Michigan by using modeling studies, laboratory studies, and toxicity
data to demonstrate that such a test was controllable and safe. Trust Environmental and Surbec

recently received regulatory approval to implement a recirculating surfactant remediation system
at an underground storage tank site in Shawnee, Oklahoma. Surbec obtained permission from
the Oklahoma Department of Environmental Quality to perform a surfactant injection test at
Tinker Air Force Base in Midwest City, Oklahoma. In each case, no physical barriers were
required, and the surfactant was recovered using hydraulic control measures. Surbec has recently
obtained permission from the EPA to inject and re-circulate surfactant for a demonstration at
McClellan AFB in Sacramento, California.

A primary objective for the proposed flushing demonstration is contaminant separation from the
surfactant. With regulatory approval, surfactant reinjection would be a valuable demonstration
and would be a major step toward eventual commercialization of surfactant-enhanced
remediation systems.

In order to reinject the surfactant, the contaminant must be separated from the surfactant in the
waste stream, then the surfactant must be reconcentrated. An example of an overall treatment
process is illustrated in Figure 3.3. The presence of surfactant lowers the efficiency of air-
stripping and can potentially cause foaming. Models and design equations have been developed
to account for the reduced efficiency of air stripping caused by surfactant; thus, air-strippers can
be designed to achieve the desired removal efficiency (Lipe et al., 1996; Hasegawa et al., 1997).
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Systems incorporating air-stripping for surfactant-contaminant separation along with micellar
enhanced ultrafiltration (MEUF) for surfactant recovery and reuse have shown promise (Ang and
Abdul, 1994; Lipe et al., 1996). The proposed MPP system should remove 99%+ of the VOC
from the surfactant solution. In MEUF, ultrafiltration membranes allow water and surfactant
monomers to pass through the membrane while the micelles are retained by the membrane. This
effectively concentrates the surfactant in the extraction stream (which is more dilute than the
injection stream) and allows for surfactant reuse.

Several air-stripping processes have been evaluated in the field. Packed columns have been
successfully used at Hill AFB and Tinker AFB for contaminant removal from recovered
surfactant streams. Also, hollow-fiber membrane strippers have been utilized for the same
purpose. More recently, tray strippers have been evaluated for removal Of surfactant monomers
from solution (via foam fractionation), as well as for separation of the contaminants. This
process was successfully demonstrated at Shawnee, Oklahoma. Surfactant monomers were
removed in the foam produced in the air stripper effluent and captured in a storage tank. In
addition, contaminant removal from the waste stream was enhanced.

Subsurface biological processes can complement surfactant-based technologies and allow for
effective natural attenuation of both surfactants and contaminants, resulting in an

environmentally friendly means of eliminating subsurface contamination. Work in several
laboratories (Freedman and Gossett, 1989; Vogel and McCarty, 1985; and deBruin et al., 1992)
has shown that complete conversion of Petrachloroethylene (PCE) to ethylene, and in some cases
to ethane, is possible given the appropriate conditions. These conditions include the use of other

..... substrates such as methanol or lactate. There have been several reports of bioremediation studies
in which dechlorination of PCE was observed to occur at the aquifer level (Beeman et. al., 1994;
and Major et. al., 1995).
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I 4.0 PROPOSED PROJECT WORK PLAN
gLj

The Navy's overall approach to the project is outlined in this section. This approach is based on
the project goals, site-specific information and our past experience in this field. Each section
outlines the project approach including site-specific design parameters. The proposed Work Plan
follows the outline listed below. A schedule showing the expected duration of each project phase
is included in Section 5.0.

1. Regulatory Approvals: Obtain necessary regulatory approvals prior to initiation of the field
work.

2. Site Investigation Well Installation/Aquifer Testing: Install wells and collect appropriate
samples.

3. Process Equipment Design, Construction and Installation: Provide for design of on site
process equipment and test for proper operation,

4. Surfactant Screening and Selection: Identify optimal surfactant solution.

5. Pre-Tracer Testing: Conduct conservative tracer tests to confirm capture zones and
partitioning tracer tests to confirm contaminant distribution and quantify pre-flushing NAPL
mass.

6. System Operation: Implement the SESR flood.

,_/ 7. Post Test Partitioning Tracer Testing: Evaluate post-flushing NAPL mass.
8. Demobilization and Site Restoration: Implement procedures for leaving the site in an

acceptable condition after completing the demonstration.

9. Residuals Management/Material Storage: Follow storage requirements for raw materials,
process water, and waste materials.

10. Reporting: Implement procedures for updating project progress and creating final report
documents.

4.1 Regulatory Aoorovals
The Navy will obtain all regulatory approvals prior to initiation of any fieldwork. The approvals
may include, but are not necessarily limited to, wastewater discharge of the recovered and treated
groundwater and air discharge from the system.

Inj ection/Reinjection Permitting
Based upon a discussion with the U.S. Environmental Protection Agency (EPA), a permit waiver
will not be necessary for injection of the surfactant solution, and reinjection of the retentate
solution. California EPA (Cal/EPA) does not have a program in place to regulate injection, hence
the governing of injection falls to the U. S. EPA under 40 CFR 144 (Underground Injection
Control Program).

U. S. EPA PermittingJ
_.J Based upon the Code of Federal Regulations (40 CFR 144), the injection wells for the treatability

study will be considered Class IV injection wells. The regulations prohibit the construction or
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] use of Class IV injection wells except under 40 CFR 144.13(c). This regulation allows the...... permission of use of a Class IV injection for injection of contaminated groundwater that has been
treated and is being injected into the same formation from which it was drawn, under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA),
42 U.S.C. 9601-9657, or pursuant to requirements and provisions under the Resource
Conservation and Recovery Act (RCRA), 42 U.S.C. 6901 through 6987. However, a waiver will
not be required from the USEPA to reinject the retentate (solution retained behind the
membrane) solution back into the groundwater system because the pilot project is being
conducted as part of the ongoing CERCLA activities. The injection of the surfactant solution at
the start of the project is allowable as long as none of the solution constituents exceed any
Maximum Concentration Levels (MCLs).

Cal/EPA Department of Toxic Substances Control
The California Department of Toxic Substances Control DTSC does not regulate
injection/reinjection, but does have regulations conceming "degradation" which will need to be
addressed with the DTSC.

Air Permitting
Air permitting issues will be handled through the Bay Area Air Quality Management District. It
is not anticipated that a permit will be required as the work will probably follow guidelines for
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) under CERCLA.

Wastewater Disposal
........] Upon discussion with the East Bay Municipal Utility District (EBMUD), a wastewater discharge

permit will be required. The Navy is currently filing application with EBMUD. The EBMUD
permit will be submitted in January 1999. The wastewater treatment facility has maximum
allowable influent concentrations that must be met to allow for discharge to the facility. General

acceptance standards are as follows:

• Total Benzene, Toluene, Ethylbenzene 5 ug/L
Xylene (BTEX)

• Total chlorinated solvents 0.5 mg/L

• Chemical Oxygen Demand (COD) 500 to 1000 mg/L

In the event that the EBMUD permit can not be obtained prior to the implementation of this
project, the Navy will send wastes to a nonhazardous waste treatment facility. In order for that
facility to accept residual fluids, all of the fluids must be below the characteristic hazardous
waste levels.

4.2 Well Design and Installation
The following sections outline site investigation and the design and installation of
injection/recovery system. Well locations were determined through the use of three-dimensional
groundwater modeling analysis.

, _ 4.2.1 Preliminary Groundwater ModelingMODFLOW and MT3D analysis were used to determine potential injection/extraction well
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placement locations, evaluate hydraulic capture of the well system, determine potential
....... groundwater production as a result of the recovery wells, and evaluate long-term fate of

surfactant not recovered. Surbec and the University of Oklahoma have worked jointly on the
groundwater modeling presented in this section.

In order to design an effective injection extraction system, the site geology and hydrogeology
must first be understood. Surbec has thoroughly reviewed site investigation reports as
documented in Section 2.0 of this report. Hydrogeological information, such as hydraulic
conductivity, porosity, bulk density, and storage coefficient, was put into numerical groundwater
models to simulate aquifer conditions. The model was not calibrated to site pump test data
because this information was not available at the time of the preliminary model analysis.

4.2.1.1 Model Setup
The purpose of the MODFLOW analysis is to develop a preliminary design for the
injection/extraction system and evaluate subsurface flow patterns beneath the site. To achieve
the pre-design goals, simplifying assumptions were made (for example, homogeneity within a
geological layer and uniform depths to each layer). The development of the model cross section
(refer to Figure 4.1) was developed using the site-specific data included in Section 2.0 and other
site information. Assigning conductivity distributions for the different models is key to the
development of a realistic representation of the site. Sparse data from boring logs, sieve analyses
and permeability measurements have led to the generation of a simple model is separated into
two distinct hydrogeological units. The upper unit (0'-14') consists of fill material. The

] hydraulic conductivity of this layer was determined through the completion of several slug tests
...... that resulted in a hydraulic conductivity ranging from 1 foot per day (ft/day) to 5 ft/day (refer to

Section 2.0). Information provided by the Navy indicated that the hydraulic conductivity in the
area is 8 ft/day. The lower section consists of Bay Mud (14' - 30') which has a hydraulic
conductivity approximately four orders of magnitude less than the fill material. The model was
setup using the information included in Table D1 (Refer to Appendix D). Groundwater flow
direction is highly variable and can change direction by 180°. As a result, for modeling purposes
it was assumed that groundwater flow was to the south.

4.2.1.2 Conceptual Well Location Scenario and Design
The line drive well configuration was evaluated in the modeling study (refer to Figure 4.2 and
Figure 4.3). In this configuration IW-1 and IW-2 are the surfactant injection wells, IW-3 and IW-
4 are hydraulic control wells and RW-1 through RW-4 are recovery wells. The model was set up
so the wells were screened from 7'- 16' bgs (approximate depth of the Bay Mud). The well
configuration was evaluated at injection rates ranging from 2 gallons per minute (gpm) to 3 gpm.
The recovery rates in the recovery wells were also varied from 2 to 3 gpm. The model results
indicated that the wells would pump dry at 3 gpm (assumes a 5-day pumping scenario and a
hydraulic conductivity of 8 ft/day). The most efficient system appeared to consist of a balanced
(1:1) injection/recovery ratio. For the optimal pre-design scenario, the injection wells IW-1
through IW-4 were set at 2 gpm and the recovery wells RW-1 through RW-4 were set at 2 gpm.

A critical issue is the potential for uncontrolled vertical migration of the NAPL. The approach
depends on the hydrogeologic conditions at the site. Since this project area is underlain by 14' to

/ 30' of low permeability Bay Mud, vertical migration should not be an issue. However,
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j precautions will be taken to ensure vertical migration will not Occur. During column testing in
.....J the laboratory, the potential for mobilization will be evaluated and quantified. If the laboratory

analysis indicates that vertical migration could be an issue, methods such as neutral buoyancy,
where alcohol is used to offset DNAPL density gradients, will be used to mitigate these effects.
Another method is to use a surfactant concentration gradient in which the solubilization potential
of the surfactant is low at first and increased as the flood progresses (refer to Section 4.2.6 for
additional details).

In addition, a sampling point will be placed in the Bay Mud sediments at a depth of five (5) feet
below the fill sand/Bay Mud contact. The expected depth of this sample point is twenty (20) feet
bgs.

4.2.1.3 Surfactant Fate and Transport
All of the chemicals proposed for use at the site are non-toxic and nonhazardous. Most of them
have food-grade additive status from the Food and Drug Administration and the remainder have
food contact grade status (refer to Table 4.2). Surfactant injection should not have any
significant effect on geochemical parameters such as pH. The only potential effect may be with
respect to biodegradation. Surfactants can act as substrate for microbial activity, and any
surfactant not recovered may become food for the microbial community. If the enhanced
solubilization system is used, the calcium or sodium and chlorides in solution will increase the
total dissolved solids at the site.

The surfactant transport has been simulated in the model by incorporating advection, dispersion
and sorption mechanisms (MT3D). Advection is the primary driving force for plume migration
and has been incorporated based on the preliminary site data. Dispersion has been assumed
based on the lithology encountered for the most permeable zone. This assumption results in the
least dispersion and highest migration potential. Sorption has been simulated using linear
sorption constants observed at other sites for commonly used surfactant. The flushing model
incorporates 5 days of surfactant, followed by 5 days of potable water, flushed through the
treatment plot, subsequent to the surfactant flush. The breakthrough curve illustrated in
Appendix D shows the predicted surfactant recovery concentrations and time for breakthrough.
The model showed a higher efficiency with less flow through the center of the plume and good
capture in the test area (refer to Appendix D Figures D1 through D5). Based on this information,
it appears breakthrough of one complete pore volume occurs within 1 to 1.5 days. The shape of
the breakthrough curves also indicates that the post surfactant test water flood duration of 5 days
is sufficient to remove the majority of surfactant mass from the test cell area. An additional 2
days of pumping from the recovery wells will further reduce surfactant concentrations in the test
cell (refer to Figure D5).

Subsequent to flushing activities, the MODFLOW/MT3D simulation was run for 1 year to
evaluate migration potential of remaining surfactant. The remaining surfactant migrated
approximately 20 feet in the upper zone toward the south (the assumed direction of flow). The
remaining surfactant plumes are very limited in size with maximum concentrations less than a
few hundred parts per million.
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.. _i 4.2.2 Well Installation and Design
The location of the proposed wells with respect to the field site is identified in Figures 4.3 and 4.4.
All utilities will be confirmed prior to installation of any wells and a dig permit will be obtained
from the CSO. Prior to any soil boring activity, the exact boring location will be marked on
concrete with paint. The location will be approved by TtEMI, and the proper digging permits
and utility clearance will be acquired.

Borings will be advanced using a hollow stem auger rig equipped with a split barrel continuous
coring device. Core samples will be collected on 5-foot intervals and sent to the University of
Oklahoma (OU) for bench-scale analysis. Samples will be collected from the cores for volatile
analyses (below the 5-foot depth) and preserved in methanol. Information on sample location
and frequency is included in Table C1 in Appendix C. In addition, cores will be examined for
lithology and described using the Unified Soil Classification system (ASTM D2488). The
resulting soil types will be logged on a boring record log. Drill cuttings will be stored in drums at
the site until they can be sampled and properly disposed o£ Soil and groundwater samples will also
be collected for the purpose of bench-scale analysis.

The soil borings will be completed as 4 inch wells (refer to Figure 4.4). The wells will consist of
0.02-inch slotted stainless steel screens, with polyvinyl chloride (PVC) casing to the surface. The
screen will be fitted with a stainless steel end cap or sump. The screen will extend from the base
of the aquifer across the water table. The entire saturated thickness will be screened. The entire
annulus surrounding the screen will be filled with a clean #3 silica sand filter. The sand filter
pack will extend from the base of the well to a depth of approximately 1.5 feet above the screen.
A 1.5-foot-thick sodium bentonite chip seal will be placed above the filter pack. The remaining 2
feet will be filled with concrete and completed with a flush-mount water-tight protector. A
water-tight sealing cap will be placed on the well. Monitor well completion diagrams will be
generated for each well.

4.2.3 Well Development and Sampling
The wells will then be developed, purged, and sampled. The wells will be developed using a 2-
inch Grundfos pump. The wells will be surged prior to pumping to loosen fine-grained particles
from the filter pack and screen. Development pumping will continue until the water is free of
sediment and the pH, conductivity, and temperature have stabilized.

The wells will be allowed to set for 24 hours prior to purging and sampling. The wells will be
purged of three casing volumes using a Grundfos® pump or bailer. Purged water will be stored
in storage tanks until Surbec can arrange for disposal at the EBMUD or equivalent wastewater
treatment facility. Samples will be collected with a bailer and gently poured into the appropriate
bottles to avoid aeration. One sample per well will be analyzed for VOCs using EPA method
8260B to determine baseline groundwater concentrations. Water samples will be stored on ice
and sent to a Naval approved laboratory for analysis. Additional information with respect to
sampling location, methodology, and analytes is included in the sampling plan (refer to
Appendix C). Wells will be surveyed by a registered surveyor and gauged to create a
potentiometric surface map within the test area (contours of groundwater surface).
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4.2.4 Aquifer Testing
..........• A 24-hour pump test will be conducted on IW-1 (refer to Figure 4.4). A submersible pump will

be installed in IW-1 well and fluids stored in a 20,000-gallon tank. Pressure transducers will be

placed in the recovery well and in RW-1, IW-4 and RW-4. Drawdown results of the 24-hour test
will be downloaded and analyzed to determine hydraulic conductivity, storage coefficient, and
transmissivity. Based on the site data included in the request for proposal and preliminary
modeling results, it appears the maximum pumping rate will be 2 gpm. Assuming this flow rate,
an estimated volume of 3000 gallons will be produced during the pump test.

4.2.5 DNAPL Mobility and Migration
Increased vertical mobility of DNAPL can be induced through two primary mechanisms:

• Mobilization of free phase NAPL through the reduction of interracial tension
• Density gradient in dissolved solution due to increased solubilization of dense

contaminants (i.e. TCE)

The vertical migration of mobilized NAPL can be mitigated through the existence of a lower
confining geological zone, applying a gradient surfactant flood or utilizing neutral buoyancy.
There is a lower confining clay layer at the site (Bay Mud) which will provide resistance to
vertical migration. However, fractures may be present in this zone and other methodologies may
be required to ensure vertical migration will not occur. The gradient surfactant flood system is
initiated with a low surfactant solubilization potential and slowly increased by increasing salinity
and/or co-surfactant. This results in contaminant solubilization before mobilization can occur.I
This will be demonstrated in column studies completed evaluating DNAPL removal on soils
obtained from the site. To ensure that NAPL will not be mobilized, we will implement a

gradient flushing system that will not reach middle phase mobilization or the ultra-low interfacial
tensions.

Density gradients in the dissolved solution can be mitigated through hydraulic control and
neutral buoyancy. The formula governing the flow velocity in the vertical direction is:

Vr = - Kz (9w - Ps)

Thus the driving force for vertical flow is the density gradient (pw - 9s) and is resisted by the
vertical component of the hydraulic conductivity (Kz). The density of a solution with a TCE
concentration of 100,000 mg/1 is 1.04 with respect to water (if no alcohol is in solution). This
can be converted to a hydraulic head gradient of 4 feet / 100 feet. The resistance through Kz is
usually much greater than the horizontal resistance Kh. To ensure hydraulic capture, it must be
shown that the flow vector of the solution will reach the recovery well. The modeling results for
this site showed the horizontal flow gradient to be up to 6 feet (difference between groundwater
elevation between injection and recovery wells) resulting in a horizontal flow gradient of 0.6.
Based on an assumed vertical hydraulic to horizontal hydraulic conductivity assumption of 1:5,
the solution will migrate downwards less than 0.4 foot for every 10 feet migrated (distance
between recovery and injection wells) of horizontal migration.
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[ Vertical migration can further be prevented through neutral buoyancy. In this case the alcohol in
.... solution offset the increased density gradient of the solubilized DNAPL.

4.3 Process Equipment Design and Installation
Even when surfactant recycling is incorporated into the technology, surfactants can account for
over 40 percent of total project costs. To make this technology economically competitive,
surfactant recycling and reuse is essential. In past field demonstration projects, Surbec and its
team members have designed and operated pilot-and full-scale process equipment to regenerate
the surfactant stream.

The following section describes the design process and assumptions used for pre-design analysis
of the aboveground treatment process. Field studies have verified this approach for the C16
DPDS surfactant. With the exception of Aerosol MA 80 (AMA), all the listed surfactants should
behave similarly in the process equipment (AMA system is not recoverable in the ultrafiltration
system).

Most surfactants are designed to degrade in municipal wastewater treatment systems. As a
result, residual surfactant streams could be sent to municipal or industrial wastewater treatment
systems. Discharge through a NPDES permit is possible, but surfactants can be toxic to
amphibious aquatic life. To ensure no adverse effect to these life forms, the surfactant
concentrations in the effluent would require reduction. If required, an aerobic bioreactor could
be designed for surfactant degradation to allow for discharge through an NPDES permit.

....I A key point of the design is the effluent standards that must be achieved. Because discharge to a
publicly owned treatment works (POTW) is desirable, EBMUD has been contacted and
preliminary standards with regard to BTEX and chlorinated solvents obtained (refer to Table
4.3).

4.3.1 Summary of Design
The proposed design is documented in Figure 4.4. Key design parameters for all of the process
equipment to be used in this project include flow rates, temperature, influent concentrations, and
required effluent standards. A summary of the assumed design criteria is found in Table 4.3. The
flow rate estimates were derived using the flow rates determined from the preliminary modeling
efforts and incorporation of a factor of safety. Discharge criteria for BTEX and chlorinated
solvents was obtained from EBMUD,

The design is purposely versatile and modular in form so that it will be functional regardless of
the surfactant system selected for implementation. The system may require minor modifications,
but the overall system will not significantly change. For example, the tray stripper may not be
required depending on the surfactant system selected for the project.

As appropriate, operational functions of the treatment system will be automated. Sample valves
will be operated manually. The process equipment will be trailer-or skid-mounted and modular
in nature. The skids and trailers will be connected to the process piping via a 2 inch high pressure

;_, nylon hose with quick-connect fittings. The trailer-mounted equipment has been designed sothat the flow is diverted through adjusting valves. For example, if it is determined that an air-

April1999 Section4.0 ProposedProjectWorkPlan 4-7



stripper is required, the flow can be diverted from the macro porous polymer (MPP) system and
_] fed directly into the prefiltering system by the adjustment of two valves. All piping on the

trailers will be galvanized steel.

As indicated in Figure 4.4 the injection/recovery system consists of four recovery wells, two
surfactant injection wells, and two hydraulic control wells. In each recovery well a .5 horsepower
(hp) submersible pump is installed to recover fluids. If extremely low flow conditions are
encountered (yield of less than 0.5 gpm), a vacuum-enhanced recovery system will be installed
in place of submersible pumps. Each recovery well is individually piped to a recovery system
manifold using 1-inch carbon steel pipe. Each line is individually controlled with an electric
solenoid valve and monitored with an electronic flow meter so the flow to each well is

adjustable. The recovery well manifold is connected to an oil-water separator where any free
phase DNAPLs will be recovered and stored in 55-gallon drums. Any additives to aid in the
recovery of free phase DNAPL will be injected into the oil-water separator.

Using a 2 hp centrifugal pump, the groundwater effluent from the oil-water separator will be
piped to the MPP system. The effluent from the MPP system will be pumped through the pre-
filtration units and the MEUF unit. The permeate from the MEUF will be pumped directly into
the storage tanks. The retentate will flow into the surfactant-recycling tank for reinjection.
Makeup surfactant will be pumped into the surfactant recovery tank using a 1/3 hp bladder
metering pump.

The recovered surfactant will then be pumped into the surfactant reinjection manifold (connected
.... to IW-1 and 2). As with the recovery wells, each injection well will be individually piped to

allow for greater control of injected fluids. All valves and flow meters will be located at the
reinjection manifold. All injection piping will be polyethylene.

The injection into the hydraulic control wells will be directly from the fresh water feed. Each
row of control wells has only one 1-inch polyethylene supply line.

4.3.2 MPP Design
The primary contaminant separations process is the MPP system developed by Akzo Nobel. The
MPP system utilizes a Macro Porous Polymer to remove VOCs and semi-volatile organic carbon
(SVOCs) from the recovered groundwater. The apparatus consists of two 1-meter columns
connected in parallel. While one column is being operated, the other is being regenerated using
steam. The MPP system has greater VOC removal efficiency using a much smaller apparatus
than air-stripping. The column has minimal air emissions and produces free-phase organic
product when regenerated. This technology has been selected because it is designed to have
minimal air emissions and additional offgas treatment should not be required. Additional design
information for this system is included in Appendix E.

Air-stripping was also considered for VOC removal from the groundwater. A preliminary design
analysis has been conducted using the Hasegawa/Lipe model and it appears that two 8-meter by
1.5-meter air-stripping towers will be required to reduce the total solvent concentration to 0.5
mg/L. However, because offgas treatment would be required, this option was eliminated from

,_] consideration.
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..........] 4.3.3 Surfactant Recovery (Micellar Ultrafiltration)
The second aspect of the treatment process is concentrating the surfactant stream for reinjection.
Over pumping for hydraulic control results in surfactant dilution in the borehole, resulting in the
need for this concentration step. With the exception of the AMA surfactant, the MEUF should
be effective for re-concentrating all of the surfactant systems being considered. Past experience
and design estimates indicate that it is capable of 80-95% recovery of the surfactant from the
treated stream. The actual recovery potential is dependent on the surfactant system used.

The MEUF system to be used will be a spiral-wound cross flow. The pump is a 2 hp centrifugal
capable of attaining 10 gpm at a pressure of 60 pounds per square inch (psi). Sampling ports will
be manually operated. The design of the MEUF system is not dependent on the surfactant
selected and will not change. However, the filter selected for use in the MEUF is surfactant
dependent. The filters to be used will range between 2,000 molecular weight (MW) cutoff and
10,000 MW cutoff. Filter size will be evaluated during the bench screening activities and will be
a function of the final surfactant system selected for the demonstration.

4.3.4 System Mobilization and Installation
All process equipment will be manufactured off site and shipped to the site for installation.
Temporary hose and steel piping will be used to connect the treatment system with the recovery
wells and other infrastructure. Required infrastructure will be three-phase 480-volt electrical
power and clean water supply capable of 20 gpm. Surbec currently owns trailer-mounted
process equipment including an air-stripper and MEUF. All key process equipment will include
automated operational controls for primary flow operations, or the system will be monitored
constantly during flushing operations.

4.4 Surfactant Screening and Selection
Surbec personnel and researchers from the Institute for Applied Surfactant Research (IASR) at
OU have developed a formal protocol for laboratory tests to develop design information for
surfactant-based remediation systems. The protocol is structured to progressively reduce the
number of candidate surfactant systems without overlooking viable systems. The initial tests
assess surfactant performance and losses in batch systems; only the most promising surfactants
from these tests are used in subsequent column studies and bio-screening tests.

The project team will review existing site data and, in accordance with past experience, will
determine a list of potential surfactants/co-solvents for evaluation. Potential surfactantYco-solvent
systems are identified in Table 4.2. The actual surfactant will not be selected until the laboratory
screening process has been completed. Candidate solutions will be screened for the following
properties:

•Toxicity and food-grade additive status
•Biodegradability
•Potential enhancement of DNAPL removal
•Removal mechanism and adverse migration potential
•Potential for economic reuse and recovery of the surfactant/co-solvent

• Sorption of the surfactant/co-solvent onto the soil matrix
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/ • Resiliency of the surfactant/co-solvent (that is, how the surfactant resists subsurface....... chemicalreactions)
• Overall costs

The following paragraphs briefly discuss the laboratory surfactant screening tests. These tests
will yield pertinent information about the surfactant/co-solvent systems being screened. Each
test has been carefully selected to give information about the surfactant that will relate to its
potential effectiveness for remediation. Additional details for each test and the analytical
procedures are included in Appendix A. The tasks are listed in sequential order:

Contaminant Solubilization (includes mobilization systems) The objective of this tests is to

quantify the solubilization (mobilization) potential of a range of surfactants and co-solvents. The
ability to remove the target contaminant will most strongly influence the effectiveness of these
systems.

Surfactant-Contaminant Phase Properties The objective of this test is to evaluate the phase
behavior of the surfactant (or co-solvent) NAPL system in an effort to avoid significant
reductions in the interfacial tension or unfavorable viscosities or densities that might result in
unfavorable flow characteristics. Formation of middle-phase microemulsions is specific to the
contaminant composition and the groundwater system (temperature, surfactant system, ionic
strength, etc.). These phase behavior studies will identify robust surfactant/co-solvent systems
capable of achieving high solubilizations for the existing groundwater conditions.

_oJ CMC Measurements The critical micelle concentration (CMC) is the concentration at which
the surfactant monomers aggregate into micelles. The CMC affects several properties of the
surfactant solution that could impact the effectiveness of the process including sorption,
solubilization, and foaming.

Surfactant Sorption The objective of this test is to quantify the losses of the surfactants and co-
solvents due to sorption onto the site-specific soil. Losses of surfactants and co-solvents will
adversely affect the technical performance and economic viability of the remediation process.

Surfactant Precipitation The objective of surfactant precipitation is to quantify the
precipitation boundaries of the surfactants, whether the phase boundary is crossed due to ionic
composition (ionic surfactants) or groundwater temperature (nonionic surfactants).

Column Tests These tests are used to simulate one-dimensional flow through the aquifer.
Valuable information that can be obtained from the column studies includes: solubilization
enhancement under flowthrough conditions, potential headloss increases in the media, and
unanticipated reactions. Column tests will also be conducted to calibrate the Partitioning
Interwell Tracer Test (PITT).

Separations Testing: The purpose of these tests is to confirm the effectiveness of the treatment
process on the site-specific surfactant and NAPL. MEUF testing will be conducted to optimize
the configuration of the field unit. These tests will be conducted in a bench-scale cross flow

• _-_] membrane apparatus.
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.....• Modeling Analysis: As part of the bench-scale analysis, additional groundwater modeling will
be conducted. All available site-specific information will be input into Visual MODFLOW
model and the model will be calibrated against pump test results. The purpose of this analysis is
to confirm the results of the preliminary model analysis. In addition, UTCHEM analysis will be
conducted to predict potential VOC recovery concentration and time required to meet
premeditation goals. These models will be further refined subsequent to the completion of
Partitioning Interwell Tracer Testing.

Technical Memorandum: A technical memorandum will be prepared which summarizes the
results of the initial soil and groundwater analysis, complete design drawing of process
equipment, and results of bench-scale analysis. Also identified in the report will be the
surfactant system best suited for application at the site (refer to Section 4.10)

4.5 Partitioning Interwell Tracer Testing

Tracer Testing
A combined partitioning/conservative tracer test (PTT) will be conducted prior to the SESR
demonstration. The purpose of the conservative tracer test will be to demonstrate hydraulic capture
of the injection/recovery system. The partitioning tracer test will be used to evaluate NAPL
distribution in the test area, quantify pre-test NAPL concentrations in the flushed zone and target
delivery of surfactant during remediation.

.... ] Based on the assumption that one pore volume can be flushed through the treatment area in 1 to
1.5 days (based on preliminary modeling), it is expected that the PTT will last 7 days. This
duration is based on approximately seven pore volumes of fluid for complete tracer
breakthrough. For additional background information regarding partitioning tracer test
implementation details, refer to Attachment A.

Three to four tracers will be used; these tracers may include bromide, 1-propanol, 2-propanol
methanol, hexanol, 1-heptanol, and 2, 4-dimethyl-3-pentanol. Selection of tracers will be
finalized during lab-scale testing (included with the surfactant screening processes) and will be
based on their partitioning coefficients into the NAPL. Bench-scale column tests will be used to
calibrate the performances of the tracers. The column tests will be conducted using soil from the
selected site with varying NAPL concentrations. The chromatographic separation observed
between the tracers will be used to calibrate the field PTT flush. These results will be used to

design and evaluate the field PTT. If prior to performing the PTT test, it is determined that one
or more of the tracers needs to be substituted, Base officials will be contacted and materials

safety data sheet (MSDS) information provided. Tracer concentrations in the injected solutions
will range from 100 to 2000 parts per million (ppm). Tracers will be recovered in the test area,
as well as by existing groundwater capture wells, to ensure the tracer is recovered from the
aquifer.

Submersible pumps or, if required, a vacuum-enhanced recovery system will be installed in the

..... recovery wells. They will be operated at the rates determined in the modeling efforts (estimatedat 2 to 3 gpm per well). Fresh water injection (2 gpm per injection well) and extraction will
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begin 12 hours prior to injection of the tracer to establish capture zones. An appropriate amount
..... (for example, 1000 gallons) of tracer solution will be mixed and evenly distributed to the

injection wells. The tracer will be gravity-fed into the wells at a rate of 2 gpm per injection well.

As a general rule, 30 samples should be collected from each recovery well and monitoring well
and analyzed for tracers. Details on sample collection frequency and location are detailed in
Appendix C. Recovered groundwater will be pumped through the MPP system to remove
contaminants then sent to 20,000-gallon tanks for storage. Four 20,000-gallon tanks will be
provided for fluid storage. Expected residual generation quantities are documented in Table 4.4
(12 gpm for 6 days).

Prior to system operation, additional modeling efforts will be conducted to optimize the injection
recovery-pumping schedule. The information obtained during the pump and tracer testing will
be input into Visual MODFLOW and UTCHEM (or comparable) for model refining. The
additional analyses will be used to optimize the pumping schedule and help optimize surfactant-
flushing efforts.

Push-Pull Testing: In order to confirm the effectiveness of the surfactant solution selected in
the laboratory, a push-pull test will be conducted at the test site. One well will be selected for
surfactant/co-solvent push-pull test. The well will be injected with up to 55 gallons of surfactant
(concentrations of surfactant will be less than 8 wt. %). Groundwater sampling results obtained
subsequent to the well installation (not to exceed 2 weeks) will be used to establish baseline

. _1 VOC concentrations prior to surfactant injection. During the push-pull test, the groundwater will• be analyzed for VOC concentration. Since surfactants will enhance the ultimate solubility of the
VOCs in groundwater by over an order of magnitude, the existence of NAPL droplets will be
evidenced by an increase in the VOC concentrations over that of the baseline results. An
increase in VOC concentration in the groundwater over background by a factor of 1.5 or more
indicates enhanced solubilization and the existence of NAPL within the radius of influence. The

proposed surfactant to be utilized for the push-pull tests will be the surfactant of choice for the
demonstration as determined by the laboratory testing (refer to Appendix F for MSDS and other
chemical information).

The solution will be gravity-fed into the well at a rate of 1 gpm and allowed to equilibrate for at
least 30 minutes. Then the injected surfactant will be recovered using a submersible pump. The
recovery rate will be at least 1.5 times the injection rate and is anticipated to produce
approximately 400 gallons of groundwater. The actual recovery rate and amount produced will
be modeled for the specific well to be tested. The test will be designed to recover all the injected
surfactant during the push-pull test or the remaining surfactant will be recovered during the
surfactant demonstration or in plume-specific recovery wells. This information will be
submitted to the Navy for approval prior to the performance of the push-pull test. As a general
rule, the recovered volume should be at least five times the injected volume. Ten groundwater
samples will be obtained from the recovered groundwater during the test (two from the storage
tank and eight from the recovered stream). These samples will be sent to a Nave and California
certified laboratory for VOC and surfactant analysis. Two duplicate VOC samples will be sent
to a separate California approved laboratory for quality control (QC) analysis. One duplicate
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surfactant sample will be collected for QC purposes. It is expected that the push-pull test will last
.......1. 1 day.

Recovered fluids will be stored on site in tanks provided by Surbec. The water will be discharged
during the demonstration with the recovered water from the surfactant flood.

4.6 System Operation
Prior to the operation of the system, a safety check will be completed to ensure that all aspects of
the process are working properly and safely. The treatment goal of 95 percent DNAPL removal
should be met within three to five pore volumes. The system operation has been prepared
assuming that the entire 20-by 20-foot plot will be remediated. Initial calculations indicate that
10,000 gallons is the volume of groundwater in one pore volume of the treatment cell (20 by 20
by 10 feet at 35 percent porosity). Operation will allow for 5 days of surfactant flooding
followed by 5 days of water flooding. Assuming that the surfactant will be injected at 6 wt. % in
water, 600 gallons of surfactant will be required for the first pore volume. Assuming 80%
recovery of surfactant, an additional 600 gallons will be required to supplement recovered
surfactant. Surfactant will be brought to the site in drums and mixed with water in a 20,000-
gallon storage tanks. The 20,000-gallon tank will be first filled with 10,000 gallons of water.
The surfactant will be injected in the top of the tank and a 2 hp centrifugal pump will recirculate
the water in the tank to mix the solution. Specific information with respect to the surfactant
composition and quantities will be included in the technical memorandum.

In order to establish cones of depression, the recovery wells will be pumped for at least 3 hours
prior to injection of surfactants. Sampling frequency will be spaced to obtain 20 to 30 data points
from each recovery well during the surfactant flood (refer to Appendix C for sampling details).
The groundwater will be sampled more frequently until steady state (relatively constant
surfactant/co-solvent concentrations in production wells) is achieved, and less frequently
thereafter. Other information such as flow rates (flow meter), pressures (pressure gauge) and
temperature (inline thermometer) will be recorded on the field log sheets four times daily until
steady state is reached and once a day thereafter. Flow meters will be equipped with totalizers to
track total flow volumes.

A key aspect of this technology is the separation of the contaminant from the recovered
surfactant stream and reuse of the surfactant. The recovered groundwater will be piped to the

oil-water separator where free-phase DNAPL (if produced) will be recovered. The recovered
groundwater will then be pumped through the MPP system where the contaminant will be
separated from the surfactant. Since the MPP process utilizes steam recovery of the VOCs, no
off gasses are expected.

The treated surfactant stream will then proceed to the MEUF unit to concentrate the surfactant
for potential recirculation through the treatment zone. The performance of the MEUF system is
largely dependent on the surfactant selected for the test. Surfactants with low CMCs can be

,,_ol concentrated more effectively than surfactants with high CMCs. Surfactants will be screened in
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the laboratory for MEUF concentration efficiencies prior to the final design of the filtering
'.......[ system.

Until surfactant breakthrough occurs, effluent from the MPP system will be pumped directly into
the storage tanks. After approximately 1 day, surfactant breakthrough should occur and fluids
will be sent to the MEUF for surfactant recovery. Retentate will be piped to the surfactant
recovery tank and sampled to ensure that reinjection concentrations of the surfactant solution
meet project specifications. If required, makeup surfactant will be injected from barrels into the
surfactant recovery tank. Permeate from the MEUF will be piped directly to the storage tanks.
The foam produced in the tray stripper will be captured and piped to the surfactant recovery
tanks for reuse. The permeate will be stored in tanks until proper disposal can be arranged.

4.7 Post Test Performance Analysis
A post-demonstration partitioning tracer test will be conducted. The primary purposes of this
test will be to quantify the remaining NAPL concentrations and the distribution thereof in the
flushed zone. The procedures to be followed for the final test will be similar to the pre-
partitioning tracer test (refer to Section 4.5). Tracers for the post PTT may include bromide 1-
propanol, 1-heptanol and 2- ethyl -1- hexanol.

Surbec will also drill four soil borings within 4 feet of each recovery well prior to abandoning
these wells. These borings will be continuously cored, and samples corresponding to the pre-test
soil sampling intervals will be collected. The soil sample results will assist in evaluating the

,,_ effectiveness of the surfactant flushing technology.

4.8 Demobilization and Site Restoration

Subsequent to completion of all site activities, site demobilization will occur. All equipment
associated with the project will be dismantled. Also, containment areas will be dismantled and
the site will be restored to its original condition. All wells installed as part of the project, will be
properly removed and sealed as required, unless the base indicates the desire to use these wells in
the future.

4.9 Residual Management and Material Storage
This subsection describes the management of wastes generated during the demonstration.
Representative samples of each type of waste (that is, cuttings, wastewater, liquids) will be collected
and analyzed as appropriatefor disposal. Surbec will ensure that all wastes are handled properly.
Wastes that will be generated include:

Soil
The volume of soil generated is estimated to be 7 cubic yards (12 wells at 12 inches in diameter
and 16 feet deep). Drill cuttings will be placed in drums and stored on site until disposal can be
arranged.

Wastewater

The expected residuals generated for the demonstration have been broken down into categories

_,_1 and summarized in Table 4.4. Recovered fluids will be stored in 20,000-gallon tanks untildisposal can be arranged (refer to Section 4.1). Surfactants are designed to degrade in POTW
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facilities. As a result, it will be convenient to send the recovered fluids to such a facility. Since-_ surfactants can be toxic to amphibians, direct discharge into streams and rivers should be
avoided unless all surfactant can be removed through on site physical or biological treatment.

Off gas
Offgas treatment should not be required because the process equipment should not generate
emissions to the air.

Solid Waste

Disposal activities will comply with base requirements. Refuse and trash will be placed into proper
disposal bins.

Free Phase NAPL

Recovered free-phase NAPL will be stored in drums on site until proper disposal or recycling
arrangements can be made.

Process Chemical Storage
MSDS information for chemicals to be used on site as stated will be kept on site in the Work
Plan. Chemical storage will depend on the volume required for each chemical. The process
chemicals will include tracer solution and surfactant/co-solvent solution. Surfactants will be
stored in drums on site. Other chemicals used in the on-site laboratory will be stored in the

,/,,_,_ appropriate container within the mobile laboratory.

4.10 Reportin_

Reporting requirements will include monthly reports, brief technical memorandum, weekly
update reports during the system operation, and a treatability study report. The monthly reports
will update project progress, schedule, and budgetary information. Proposed changes in project
procedures will also be identified. The monthly report will include:

• 1-to3-page summary of activities conducted during the month
• Brief summary of activities proposed for the next month
• An updated schedule
• Project cost summary update (Navy only)

TtEMI will forward a copy of the monthly report to the Navy.

The technical memorandum will summarize, in greater detail, the results of laboratory screening
and preliminary site activities. These results will be tabulated and graphed. Any deviation from
the original implementation plan will be identified and an alternate plan of action described.
The technical memorandum will be submitted as indicated in the schedule (refer to Section 5.0).

Weekly reports will be submitted during operation of the flushing activities. The reports will be
transmitted by letter, e-mail, or fax.
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A treatability study report will be prepared and submitted in three stages: 1) a preliminary draft
....i copy 2) a draft copy (which will include responses to comments on the draft copy) and 3) a

final copy.

The report will present the data collected and tabulated. This information will also be graphed
and plotted to illustrate system performance in key areas. These data will include: soil
concentrations before and after treatment, extraction flow rates, cumulative flow volumes,

temperature data, tracer test data, surfactant recovery, contaminant recovery, laboratory results
and process equipment performance evaluation, and mass of contaminant removed as evaluated
using the partitioning tracer information. Timeline plots will be created for mass of surfactant
recovered in the groundwater, mass of contaminant recovered in the groundwater, mass of
contaminant removed in the air-stripper, and mass of surfactant recovered in the MEUF. An
analysis of these data for the effectiveness of the technology in remediating the test site will be
performed and reported to assess the technology performance claim as stated in Section 2.0.

The results of this test will be compared to the results observed at other sites (Tinker AFB). An
overall cost evaluation of the system will be conducted at the completion of the demonstration
and will be included in the report. The system will be compared, based on capital and operating
costs, with other conventional treatment technologies (such as pump and treat) used to treat a
similar area and contaminant profile. Capital and operational costs will be compared on a
present value basis with the conventional technology.

The report will also include the following key information:

• Effectiveness of the system in removing DNAPL at the test site
• Detailed diagram of the site, including monitoring well locations
• Groundwater monitoring and soil sampling plan, including a plan for collecting water

level measurements and samples
• Surfactant screening, which will include phase behavior analysis for the product samples

collected from the test area: and the following tests for soil samples collected from the
test area; permeability, cation exchange capacity, surfactant-soil interaction, and grain
size analysis

• Hydraulic testing, including slug tests of the installed monitoring wells
• A numerical simulation, including a three-dimensional model to simulate test flow

conditions

• A surfactant flood, which will also include a water flood prior to surfactant injection, and
a water flood following surfactant injection to displace mobilized product

• Problems encountered

• Deviations from project plans
• Process waste handling procedures and notes
• Health and safety procedures
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Figure 4.2: Optimal Well Locations As Determined Using Visual
MODFLOW Analysis. (RW = Recovery Well; IW =

Injection Well; all units in feet)
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_:[ Table 4.1: Site Contamination Levels and Cleanup Criteria

Contaminantof Concern Site2A-A Site 4B-C Cleanup Criteria
Groundwater, ppb Groundwater, ppb ppb

1,1,1-Trichloroethane 2100 100000 200(1)
1,1,-Dichloroethane 29000 24000 5(I)
1,1-Dichloroethene 14000 65000 NA
1,2-Dichloroethane 12 250 NA
cis-1,2-Dichloroethene 4600 250 6(1)
trans-1,1Dichloroethene 150 8.7 10(1)
Benzene 6.4 ND NA
CarbonTetrachloride 320 2500 NA
Chloroethane 3900 0.66 NA

Ethylbenzene 3.6 ND 700(1)
Tetrachloroethene 40 8.6 NA

Toluene 85 370 150(1)
Trichloroethene 1700 160 NA
VinylChloride 2600 2900 NA
m,p-Xylene 2.9 ND 1750(1)
o-Xylene 5.5 ND 1750(1)

Total 58525.4 195448

- California Primary Drinking Water Maximum Contaminant Levels
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Table 4.2: Potential Surfactants and Surfactant System Constituents

SURFACTANT MW % Cost per lb Trade Food

TYPE Active Name Additive

status

C16- DPDS 642 36 $1.09 Dowfax Indirect

8390

Alkylethoxylated 442 28.7 $0.61 Steol Indirect

sulfate CS330

Ethoxylated(20) 1326 100 $2.31 Tween80 Direct

sorbitan mono

oleate

Sodiumdihexyl 388 80 $1.50 AMA Direct

sulfosuccinate

Alcoholether 500- 100 $1.50 Isalchem Not tested

sulfates 800

Ethanol 46 100 $0.44 NA NA

Tartaric acid 75 100 Not Available NA NA

Na/Ca 23/40 NA $0.15/$0.07 NA NA

Isoproponal(IPA) 60 100 $0.42 NA NA

Potential Surfaetant Systems

C16 DPDS + tartaric acid + Na/Ca Indirect

Isalchem + IPA+ Na/Ca Not tested

AMA +IPA + Na/Ca Direct

AMA (5%)+ Yween (5%) + Na/Ca Direct

a = Rouse, et al. influence of anionic surfactants on bioremediation of hydrocarbons
NA=Not Applicable
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Table 4.3: Design Criteria for Process Equipment

Target Process Flow rate Influent Target Effluent Temperature
Constituent (EastBayMUD)

Opm Mg/1 Mg/1 Deg F

VOCs Air Stripper 10-15 1000 BTEX= 0.005 50
Solvents = 0.5

MPP System 10-15 1000 BTEX= 0.005 50
Solvents = 0.5

Surfactant MEUF 10-15 20,000 2000 (permeate) 50
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Table 4.4: Groundwater Residuals

Phase Estimated Volume Estimated Concentration in MEUF Permeate

Duration Total TCE Surfactant Salinity Co-solvent
Volume / Co-surf.

(Days) (gallons) M_I Wt % Wt % Wt %
Well development, sampling & 4 8,000 GW conc. 0 0 0

Pump test
Pre tracer test (6 PV) 6 100,000 MCL** NA NA NA
Surfactantflood(5 PV) 5 86,000 0.001%- 0.01-0.2" 0.1-2 1-2

1% of
influent

Post test flood (5 PV) 5 86,000 1% -5% 0.2- 0.001 2 - 0.001 2 - 0.001
of influent

Post-tracertest(6 PV) 6 100,000 MCL <0.001 <0.0001 <0.0001
/olume based on 12 gpm production for the estimated duration

*Assumes recycling of surfactant
** Assumes air stripping of solution
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This section presents the Quality Assurance Project Plan (QAPP) for the SESR and specifies the
procedures the demonstration will follow to ensure the generation of analytical data of known
and accurate quality.

1.0 PROJECT OBJECTIVES

The primary goal of this project is to achieve a 95 percent removal of dense nonaqueous-phase
liquids (DNAPL) contaminants for the selected site remediation at Alameda Point. Surbec
Environmental (Surbec) has identified specific measurable objectives, listed below, have been
identified for this treatability study to achieve the treatability study objectives set by Tetra Tech
EM Inc. (TtEMI).

Objectives:

(1) To evaluate the use of surfactants/cosolvents for enhancing the removal of
nonaqueous phase liquid (NAPL) from the subsurface.

- Achieve at least 95 percent removal of NAPL from the flushed zone at the 95
percent confidence level.

- Evaluate actual mass removal using pre- and post-test partitioning tracers and
groundwater samples.

(2) To achieve good delivery and recovery of the surfactant solution within the plume
area (surfactant or surfactant/cosolvent).

- Demonstrate that the delivery of the surfactant/cosolvent extraction fluid can
be controlled through a properly designed delivery system.

- Demonstrate at least 90 percent capture of the injected surfactant/cosolvent is
within the test area.

- Demonstrate that the remainder of the injected surfactant/cosolvent is
degraded before leaving the site.

(3) To design and evaluate a system for surfactant regeneration and re-injection.
- Design an macro porous polymer (MPP) system to meet the discharge criteria

from the surfactant/cosolvent effluent.
- Demonstrate that the use of micellar enhanced ultrafiltration (MEUF) can

achieve 90 percent recovery of the surfactant for reuse.

(4) To evaluate the economic viability of a surfactant/cosolvent system for contaminant
recovery.

- Identify and extrapolate the parameters that determine the cost of system
setup, operation and maintenance.

- Conduct a comparison to conventional treatment technologies.
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2.0 PROJECT ORGANIZATION AND KEY PERSONNEL

Surbec has compiled a team to complete this project that is unparalleled in past experience and
expertise in the field of SESR. Surbec's team includes experts in the areas of subsurface flushing
and surfactant recovery and reuse - Dr. David Sabatini, Dr. Jeff Harwell, and Dr. Robert Knox.
Levine-Fricke-Recon (LFR) has been added as a valuable team member to provide on-site
experience, engineering expertise, and a local presence. LFR is currently conducting site
investigations at Alameda Point and is very familiar with the site and the California regulatory
environment. The project organizational structure is included in this section. QA/QC and health
and safety organizational structures have not been incorporated into this document. All
personnel have the appropriate OSHA health and safety training. Specific information will be
provided upon request.

Listed below are key team members and their respective roles in this phase of the project.

TtEMI
Mukul Shara-TtEMI Project Manager

Edward Ho-TtEMI Task Manager

Rafael Lago-TtEMI Project Engineer

Navy.
Dennis Wong-Navy Remedial Projects Manger (RPM)

George Kikugawa-Navy Remedial Projects Manager

Surbee
Mark Hasegawa will serve as the Project Manager. He will coordinate project activities and
ensure timeline requirements are met. Mr. Hasegawa has managed several SESR demonstrations
and projects.

Dr. Robert Knox will review, compile, and analyze site hydrogeological data. He will also
supervise the injection/recovery well design for the project and will oversee MODFLOW
simulations.

Dr. Jeff Harwell will supervise the surfactant screening analysis. He will also work with Dr.
Pope to determine candidate surfactants for application at the site.

Dr. Joe Suflita is a leader in the area of anaerobic degradation processes. Dr. Suflita will design
surfactant and contaminant degradation screening tests. He will also aid Dr. Harwell to ensure
that surfactants selected for screening are likely candidates for degradation.

Dr. David Sabatini will supervise the design of aboveground process equipment. He will work
closely with Dr. Harwell to ensure that treatment processes are compatible with the surfactants
selected and the DNAPL contaminant.
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Dr. John Seamehorn will provide design and support for MEUF or foam fractionation

_ t_ processes implemented at the site.

Jeffrey Brammer will assist Dr. Knox in reviewing, compiling and analyzing site
hydrogeological data. He will also aid in groundwater modeling and well design for the project.
Mr. Brammer will be the onsite Technical Manager for the project.

Levine Frieke Reeon

Jeni Martin will coordinate all field work conducted by LFR personnel and will ensure the
required resources (i.e. field equipment) are available to Surbec personnel.

Randy Sillan will manage work conducted with LFR personnel, provide design services and
provide external review of reports.

A Surbec Quality Control/Quality Assurance organizational chart follows. This chart shows the
lines of authority and personnel associated with specific QA/QC responsibilities.

MarshallsurbecBrackin ]1
General Manager

I

Mark Hasegawa II

Project
OC Manager

i t v

Field Data Reduction Laboratory
I")CManager f)CManager OC Manager

I

I] Karla Hansen II

I Project

J OC A_si._tant

3.0 MEASUREMENTS

Soil and groundwater samples will be collected prior to implementation of the demonstration,
during the demonstration activities, and at the conclusion of the demonstration in order to assess
the effectiveness of the technology. Approximately 700 samples will be obtained during the
course of the project for the purpose of performance evaluation. A detailed list of sample
analyses is located on tables C-la through C-lf. The 700 samples are required to evaluate the
Treatability Study tests. All QA procedures described in the following sections will apply to both
onsite and offsite laboratories. Refer to Table A.1 for a list of possible analytes.
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_[_ 4.0 QUALITY ASSURANCE OBJECTIVES

The primary quality assurance objective (QAO) for this demonstration is to produce well-
documented data of known quality. To this end, individual measurements must be assessed to
ascertain that they meet quality assurance (QA) objectives that fulfill the data quality objectives.
These objectives include quantitative QAOs for precision, accuracy, method detection limits,
completeness, and mass balances, and qualitative QA objectives for comparability and
representativeness. The QAOs stated here are consistent with those of the basewide remedial
investigation and feasibility study (RI/FS). Table A.2 summarizes quality control (QC) field and
laboratory requirements and corrective actions.

4.1 Proiect Data Quality Objectives (DQOs)

The following data quality objectives have been identified:

• Collect data to accurately determine the removal efficiencies (mass reduction) and rates
for targeted organics (that is, chlorinated hydrocarbons).

• To collect data to evaluate the success of surfactant and cosolvent capture.
• To collect data to assess the extent to which the application of SESR is site-specific (that

is, parameters governing SESR success).
• To collect data for preparing a cost estimate analysis for full-scale implementation of

SESR at Alameda Point.
I

4.2 Data Quality Assurance Obiectives

The following QAOs have been identified:

• Based on best-available technology and site-specific conditions, utilize sample
collection and preservation methods that will yield results that are truly representative
of the subsurface conditions at the site.

• Conduct replicate analyses (5% of samples) of single samples to assess the variability
(or heterogeneity) within a given sample.

• Conduct standard replicate analyses (5% of samples) to determine the variability
inherent in an analytical technique.

• Collect and analyze field blanks (10% of samples), trip blanks (1 set per ice chest of
samples), and spikes (1 per week) to evaluate the potential compromises to sample
integrity due to sampling techniques, holding techniques, and general ambient
conditions that could potentially introduce false results. Sample spikes will be
unscheduled and unidentified to the laboratory. The Project QA Manager will be
responsible for submitted spiked samples to the laboratories.

• The individual analytical laboratory QA officers will be responsible for assuring that
matrix spikes (1 per day) are added to samples to evaluate the accuracy of laboratory
analytical methods.
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Accuracy: Accuracy is the degree of agreement of a measurement with an accepted reference
value, and indicates the degree of bias in a measurement system. Accuracy is assessed using
laboratory control samples, matrix spikes, surrogate spikes and performance evaluation sample
recoveries. Because sample measurement results from the use of laboratory equipment, the
percent recovery of any of these sets of duplicate samples measures the accuracy of the
laboratory equipment, calculated according to the following equation:

Equation 1.1 %R = (Ci-Co)/Ct X 100

Where: %R = percent recovery

Cl = measured concentration; spiked sample aliquot

Co = measured concentration; unspiked sample aliquot

Ct = actual concentration of spike added

Precision: Precision is the reproducibility of duplicate measurements under a given set of
conditions for a single sample. Precision is expressed as the variability of a group of
measurements for a given sample compared to the average value. Variability may be attributable
to field practices or chemical analyses. Precision is expressed as the relative percentage
difference (RPD), using the following equation:

Equation 1.2 RPD = (CI-C2)/[(C1 + C2)/2] X 100

Where: RPD = relative percent difference

C1 = the larger of two observed values

C2 = the smaller of two observed values

Completeness: Completeness refers to the number of analytically valid data points (accepted
and reported values) collected from a measurement process compared to the total number of
samples subjected to measurement. Percent completeness is calculated using the following
equation:

Equation 1.3 % Completeness = (TDP-RDP)/TDP x 100

Where: RDP = number of rejected and unreported results
TDP = number of total samples collected

The project completeness goal for completeness is greater than 90% for all samples, and 100% f
confirmation samples.

Representativeness: Representativeness is a qualitative expression of the degree to which
sample data accurately and precisely represent a characteristic of a population, a sampling point,
or an environmental condition. Representativeness is maximized by ensuring that, for a given
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project, the number, location of sampling points, the sample collection and analysis techniques
are appropriate for the specific investigation, and that the sampling and analysis program will
provide information that reflects "true" site conditions. Results for blind duplicate sample
analysis are also used to evaluate representativeness.

Mass Balance and Mass Recovery: The surfactant recovery will be determined on a mass
balance basis. The initial mass of surfactant or cosolvent injected will be determined by using
the surfactant/cosolvent concentration injected multiplied by the volume of the
surfactant/cosolvent solution injected. End surfactant/cosolvent masses will be calculated by
summing volumes of effluent extracted multiplied by the corresponding surfactant/cosolvent
concentrations. The difference in the injected and recovered mass will be compared to that
predicted to be sorbed to the soil surface based on bench scale studies. Biodegradation is
assumed to be negligible within the test cell due to the short residence time of the
surfactant/cosolvent. The percent of mass recovered is therefore calculated using equation 1.4:

Equation 1.4 % Mass Recovered = 100% - [(IM - FM - Sorbed Mass)/IM] X 100

Sorbed Mass = (Soil mass,celt* Kd)

Where: IM = Initial Mass = (Volume of Injected
surfactant/cosolvent solution x Concentration of the
surfactant)

FM = Final Mass = (E(Volume of Recovered
Surfactant/cosolvent Solution x Concentration of the

_'_ Surfactant/cosolvent))

Soil mass,cell(g) = Vol Soil (cm 3)

Kd = Grams Surfactant/Cosolvent per grams soil

Method-Detection Limits: The method detection limit (MDL) is the minimum analyte
concentration that can be measured and reported with a 99 percent confidence that the
concentration is greater than zero. The quantitation limit (QLs) represents the concentration of
an analyte that can be routinely measured in the sample matrix with "reasonable" confidence in
both identification and quantitation. QLs are verifiable by ensuring that the lowest non-zero
calibration standard concentration is at or near the QL by using appropriate data analysis to
ensure that the minimum detection concentration meets the 99 percent confidence levels as stated
above. Samples detected below the QL will be appropriately flagged but will not negatively
impact completeness. MDLs may be higher due to dilution requirements for analysis. MDLs
will be evaluated in accordance with Appendix B Part 136 of the 40 Code of Federal Regulations
(CFR) 136, 1984 ("Definition and procedures for the Determination of Method Detection Limit -
Revision 1.1"). Method QLs will be determined for all onsite (field and laboratory) and offsite
laboratory tests.
The soil MDLs will be higher than the groundwater MDLs due to the required field Method 5035
for sample preservation. The soil MDLs will be in the 100s ppb range and the groundwater will
be in the 1s to 10s ppb range.

q ,4_
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Comparability
...._ Comparability is a qualitative parameter that expresses the confidence that one data set may be

compared to another. Comparability of data is achieved through the use of standardized methods
for sample collection and analysis, and the use of standardized units of measure. Data sets will
be compared to assess the Study effectiveness (i.e. Pre-Partitioning tracer and Post-Partitioning
tracer tests). Comparability will be necessary for Surbec data collected for the Study and not for
existing investigation data.

5.0 ANALYTICAL PROCEDURES AND CALIBRATION

This section describes the laboratory procedures used for both physical and chemical methods. It
discusses sample preparation and analytical procedures. This section does not include the field
methods, as they are detailed in Appendix C.

A summary of analytical procedures are listed in Table A.3. There are no American Society for
Testing and Materials (ASTM) or U.S. Environmental Protection Agency (EPA) standard
methods for analysis of surfactants or contaminants in surfactant solutions; however, some of the
methods are modifications of standard methods. When this is the case, the standard method is
referenced. The modification of the methods for contaminant analysis when in the presence of
surfactants is necessary because solubilization of a contaminant in micellar solution reduces its
activity in water. Researchers at government facilities and several universities have developed
effective methodologies for analysis of contaminants in surfactant solutions. Modified procedure
developed at the University of Oklahoma for volatile contaminant analyses when surfactants are

_ present in solution are given in Section 5.2.1. These methods will be utilized in the laboratory
and the field, unless otherwise specified.

All methods for analysis are given here, however, once specific site(s), surfactants and
cosolvents are selected, an addendum will be prepared, submitted for review and concurrence in
letter report and attached to the approved work implementation plan (WIP).

1.5.1 Calibration Procedures

This section discusses general requirements for field equipment and laboratory instrument
calibration and standards preparation. All requirements for calibration procedures and frequency
for specific parameters are summarized in Table A.2. Instrument calibration is necessary for
accurate sample quantitation, and establishes the dynamic range of an instrument. Criteria for
calibration are specific to each method and instrument manufacturer. The following paragraphs
outline the calibration procedures for the field equipment and laboratory instrumentation.

Data accuracy is dependent upon the accuracy of the standards used for instrument calibration.
To ensure the highest quality standard, primary reference standards are obtained, if available,
from the National Institute of Standards and Technology (NIST), EPA vendors, or other reliable
commercial sources. When standards are received at the laboratory, the date received, supplier,

lot number, purity, concentration, and expiration date are recorded in a standards log book.
Vendor certification for the standards will be retained in the files.
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Standards will be obtained either in their pure form or in stock or working standard solutions.
._ Dilutions will be made from vendor standards. All standards will be given a standard

identification number and the following information will be recorded in the standards logbook:
source of the standard, the initial concentration of the standard, the final concentration of the
standard, the volume of the standard that was diluted, the volume of the final solution, the
solvent source and lot number used for standard preparation, and the preparer's initials. All
standards will be validated prior to use.

Validation procedures for standards include a check for chromatographic purity and verification
of the standard's concentration by comparing its response to a standard of the same analyte
prepared at a different time or obtained from a different source. Reagents also are analyzed for
purity; for example, every lot of dichloromethane (used for organic extraction) is prioritized to
use in the laboratory. Standards are checked routinely for signs of compromise including
deterioration (e.g. discoloration, formation of precipitates, and changes in concentration) or
contamination and are discarded if deterioration is suspected or the expiration date has passed.
Expiration dates are based on vendor recommendation, the analytical method, or internal
research. Stock solutions for volatile organic compounds (VOC) are not to be held for more than
30 days. Fresh working calibration standards shall be prepared every week. Stock solutions for
semi-volatile organic compounds shall not be held for more than 90 days. Dilutions below 1 part
per million (ppm) shall not be held more than 30 days.

5.1.1 Laboratory Calibration

Analytical instruments will be calibrated using standards, discussed above, in accordance with
_,_._ the specified analytical methods and manufacturer's procedures. At a minimum, written

calibration procedures include the equipment to be calibrated, the reference standards used for
calibration, the calibration techniques, actions, acceptable performance tolerances, frequency of
calibration, and calibration documentation format. Records of standard preparation and
instrument calibration will be maintained. Instrument calibration will include daily checks using
standards prepared independently of the calibration standards, and instrument response will be
evaluated against established criteria. Calibration standards will cover a range of concentrations
well above the detection limits and above the highest expected field sample concentration. The
analysis logbook, maintained for each analytical instrument, will include, at a minimum, the date
and time of calibration, the initials of the person performing the calibration, the calibrator
reference number and concentration. Calibration procedures for specific instruments used for
organic analyses are discussed in the following paragraphs.

Gas Chromatography/Mass Spectrometry (GC/MS). When GC/MS analysis of groundwater
is required, the following procedure listed below will be followed.

Every 12 hours the instrument will be tuned with bromofluorobenzene (BFB) (according to the
tuning criteria specified in the EPA Contract Laboratory Program Analytical Services [CLPAS]).
After the instrument has met tuning criteria, it will then be calibrated for all target compounds.

Calibration standards at a minimum of five concentrations will be prepared by secondary dilution
of stock standards. The compounds to be included in the calibration standards will be a function

,_i._ of the site specific NAPL composition (refer to Table A. 1 for a list of potential analytes). As a
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result, the calibration standards list cannot be identified until a site is selected and the NAPL
_y constituents identified. This information will be included in the first letter report.

Each calibration solution, including internal standards and surrogates, will be introduced
according to EPA Method 8260B for volatile compounds. A relative response factor (RF) will
be calculated for each compound relative to the internal standard whose retention time is closest
to the compound being measured. The RF is calculated as follows:

Equation 1.5 RF = (AxCis)/(AisCx)

Where: RF = Area of characteristic ion for the compound being
measured

Ais = Area of characteristic ion for the specific internal
standard

Ax = Area of characteristic ion for the compound being
measured

Cis = Concentration of the specific internal standard
Cx = Concentration of the compound being measured

The average relative response factor (RF1) will be calculated for each compound using the values
from the five-point calibration. A system performance check must be made before the
calibration is accepted as valid.

The percent relative standard deviation (% RSD) for standards will be calculated from the RFs in
the initial calibration and must meet specified criteria. The formula used to calculate %RSD is:

Equation 1.6 %RSD = SDx 100
C

Where: RSD = Relative standard deviation

c = Mean of five initial RFs for a compound
SD = Standard deviation of the RFs for a compound

Xi .]2

SD = s = J=l n
n-1

For every 12-hour shift, the GC/MS must be tuned by purging or injecting 4-BFB. Also, the
initial calibration of the GC/MS will be checked by analyzing a calibration standard (usually the
midlevel standard). If the minimum relative response factors for the standard compounds are not
met, corrective action must be taken before samples are analyzed. The percent difference of
relative response factor compared to the average relative response factor from the initial
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calibration is calculated as follows:

Equation 1.7 % Difference = (RFI - RFc) / RF1 X 100

Where: RF1 =Average relative response factor from initial
calibration

RFe =Relative response factor from current calibration
check standard.

If the percent difference criterion for each standard compound is met, the initial calibration is
assumed to be valid. If the criterion is not met for any of the compounds, corrective action must
be taken. A new five-point calibration must be generated if the source of the problem cannot be
found and corrected.

The internal standard responses and retention times for each standard compound must be
evaluated. If any internal standard retention time changes by more than 30 seconds from the last
calibration check (12 hours), the system must be checked for malfunctions and corrected as
necessary. If the extracted ion current profile area for any of the internal standards changes by a
factor of two from the last daily calibration standard check, the system must be checked for
malfunctions and corrections made as necessary. All samples analyzed during the time the
system was malfunctioning must be reanalyzed. Details of modifications to the analytical
method EPA 8260 to account for the presence of surfactant are identified in Section 5.2.1.

Gas Chromatography. A gas chromatograph (GC) will be used to analyze organic tracers used
_ for the partitioning tracer tests. These analyses may be divided between the on-site Surbec Lab

and the selected off-site laboratory, the University of Oklahoma lab. Refer to Section 5.3.2 for
additional information regarding GC and tracer analysis.

High Pressure Liquid Chromatography (HPLC). HPLC will be used for surfactant analyses.
Section 5.3.1 lists the various detectors that can be utilized depending on surfactant type. These
analyses may be divided between the on-site Surbec Lab and the selected off-site laboratory, the
University of Oklahoma lab.

Initial calibration consists of determining the linear range and establishing retention time
windows. Detection limits will be established using the method detection limit study as defined
in California Department of Water Resources, 1974. The calibration will be checked daily to
ensure that the system remains within specifications. If the daily calibration check does not meet
established criteria (refer to Table A.4), the system will be recalibrated. Calibration standards
will be prepared according to the standard operating procedure for the method. For the SW846
8000 series methods, calibration standards will be prepared for each analyte of interest at five
concentration levels. One of these standards will be slightly above the method detection limit.
For verification of the quantification limit, spiked samples at the lowest detectable limit will be
analyzed during instrument calibration. The other standards will bracket the concentration range
expected in the environmental samples, but not exceed the working range of the detector. A
reagent water blank will be run prior to calibration to show the absence of interferences. The
calibration standards then will be introduced into the system and a calibration curve will be
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generated for each analyte.

The response factor for each analyte at each concentration will be calculated as follows:

Total Area of Peak _°)
Equation 1.8 Response Factor (RF) =

Mass lnjected (in nanograms)

(a)For multiresponse analytes, the area from at least five major peaks shall be used for
quantitation.

Acceptance Criteria Linearity checks are based upon the correlation coefficient (r> .99) of the
best fit line for the calibration data points, or on the percent relative standard deviation (% RSD)
for response factors calculated for each analyte at each level over the working range. The
correlation coefficient is calculated as:

Equation 1.9
n E(xy) - (Y_x)(E y)

r = _/[n(Zx2 ) _ (Exf][n(Zy2) . (Zy)2 ]

Where: x = Calibration concentrations

y = Instrument response (peak area)
......, n = Number of calibration points (x,y data pairs).

5.1.2 Field Equipment Calibration

During the groundwater sampling program field equipment will be used to measure groundwater
levels, pH, specific conductance, and temperature. The meters will be calibrated according to the
procedures outlined below.

Water-Level Sounder
Electric water level sounders will be checked before the beginning of field activities by

comparing the scale on the water level tape against an engineering measurement tape.

pH, Temperature, and Specific Conductivity Meter
A water quality instrument will be used for pH, temperature and specific conductivity
measurement. The instrument will be calibrated daily prior to use according to the
manufacturer's instructions. The meter will follow an automatic calibration routine in which a

single standardizing solution, supplied by the manufacturer, is used to calibrate the meter for pH
and specific conductivity. Periodically, the automatic calibration of the instrument will be
checked manually using independent reference solutions including two pH buffers that bracket
the expected pH (generally pH 7 and pH 10), a 1,000 _tmhos/cm standard conductivity solution,
and turbidity-free distilled water. The temperature probe will be checked periodically against a
thermometer to confirm measurements.
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Organic Vapor Meter
Organic vapor readings will be taken only for the purpose of monitoring the health and safety of

'_ the workers. Generally, if breathing air concentrations exceed 10 ppm respirators will be
donned. Organic vapor detectors, including flame ionization detectors (FIDs) and
photoionization detectors (PIDs), will be calibrated according to the manufacturer's instructions
prior to daily use and any time that instrument drift is suspected. Calibration will be checked at
the conclusion of each day of use in order to evaluate instrument performance. Instruments will
not be adjusted before the final calibration cheek has been performed and recorded. Calibration
procedures will be documented in the logbook or on the appropriate field form. Calibration
gases that have a shelf life will not be used past the expiration date.

5.2 Sample Preparation

5.2.1 Contaminant in Surfactant Solution Sample Preparation

The existence of surfactants in aqueous samples can significantly reduce the volatility of the
target VOCs from solution, thus affecting headspace volatilization methodologies. Also
surfactants can foam during sparging in a headspace analysis. As a result, the analytical
methodology (EPA 8260) will be modified slightly when surfactants are present in solution to
account for this effect. Samples analyzed at the selected laboratories should utilize the same
method for contaminant analysis. There are several possible methodologies that could be utilized
for this purpose.

",_ One potential methodology is a method developed at the University of Oklahoma for the analysis
of contaminants in the surfactant/cosolvent solutions (see reference nos. 6 and 7 in Table A.3 of
this section for peer-reviewed published procedures). An aliquot of the field sample is diluted
with the 4 percent surfactant solution such that it is 10 percent by weight of the original sample
(that is, a 0.2-gram sample aliquot is added to a headspace vial containing 1.8 grams of the 4
percent surfactant solution). The logic for the 4 percent solution is that it standardizes the
surfactant concentration.

Due to the high potential for foaming during the sparging for GC/MS analysis, a heat source
would be used to volatilize the sample into the carrier gas. To prevent foaming, the sample

sparge tube (in the headspace analysis) should not penetrate the sample.

5.2.2 Contaminant and Tracer Sample Preparation

Preparation of these samples will be in accordance with EPA methods for volatiles analysis
(EPA method 8260B) which require collection in 40-milliliter volatile organics analysis (VOA)
vials and sealed without headspace.

5.3 Sample Analysis

For the analysis of VOCs in field samples containing surfactant, the analysis will be conducted
using a GC/MS following a modified 8260 methodology.
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5.3.1 Surfactant Analysis

...... Surfactant samples will be analyzed using a liquid chromatography system. Three in-line
detectors will be installed for the analysis of different surfactants. Anionic steols will be
analyzed by an Altech 320 conductivity detector and nonionic Tweens will be analyzed using an
Altech Varex MKIII evaporative light-scattering detector. Vivian Star 4.5 Chromatography
Workstation software will be used to record, analyze and store chromatograms.

5.3.2 Traeer/Cosolvent Analysis

Field samples containing organic tracers are typically analyzed using a gas chromatograph (GC)
equipped with headspace auto-sampler and FID. Chromatography workstation software is used
to record, analyze and store chromatograms from the GC.

For immediate analysis of the bromide tracer in the field, a Cole-Parmer Bromide Electrode will
be utilized. The standards will be prepared and calibration curves are run at least daily. Single
standards will be run hourly to ensure the probe is working correctly. Field samples containing
fiuorescein will be analyzed by a fiuorometer. The standards will be prepared and calibration
curves will be run at least daily. Single standards will be ran hourly to ensure the fluorometer is
working correctly. This procedure will be used for both on-site and off-site analyses.

5.4 Quali .ty Control
Quality control is demonstrated by documenting that there are no interferences from the
analytical system, glassware, and/or surfactants. Equipment blanks will be carried through all
stages of the sample preparation and measurement steps. For each analytical batch of up to 20

...._-_ samples, a surfactant blank, a calibration standard and a calibration standard duplicate will be
analyzed. The standards analyzed must be within plus or minus 10 percent of the calibration
curve. Calibration standards will be composed of the investigated contaminants.

6.0 DATA REDUCTION, VALIDATION, AND REPORTING

This section generally describes procedures for reducing, validating, and reporting data. All data
will be stored in electronic form in accordance with the specific laboratory policy on data
storage. All information will be backed up electronically on either zip disks, CD ROM, or
digital tape and stored for 3 years. Any modifications deemed necessary will need to be
negotiated.

6.1 Data Reduction

The Project Manager or designated staff will be responsible for reducing the data obtained from
on-site and off-site laboratories. The data will initially be tabulated to facilitate comparison and
statistical analyses. All duplicates and blanks will be included in the tables, but will not be
included in the comparisons and statistical analyses.

The purpose of the duplicates, spikes, and blanks is to be used as QC checks for the field and
laboratory procedures (for example, "red flags"). Hence, anomalous duplicates, spikes, and
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blanks results will be used to determine when data is questionable and not to be used in the

,_._,_ comparisons or statistical analyses. Blanks will consist of trip blanks and field blanks as
described in Section 7.1.

6.2 Data Validation and reporting

Quality assurance/quality control for laboratory generated data is reviewed by the Laboratory QC
Manager to determine if the reported project data is acceptable for incorporation into the various
project reports.

All laboratory data will be reviewed and evaluated in relation to data quality objectives
established in this plan. A review of analytical data packages will be performed by the QC
Manager and the Laboratory QC Manager.

Analytical results will also be reviewed by the Project Manager prior to being included in the
project files and reported to the client. Should any anomalous or missing data appear in this
documentation, the Project Manager will investigate the validity of the data in question, then
draft a memo detailing the problem and proposed disposition of the data (accept, reject, use-as-is,
etc.). The memo will be sent to the lab QC Manager for their review. Upon correction, the data
will undergo a final review by a task separate QC Manager.

All project records will be reviewed for overall appearance, technical accuracy, and writing style
prior to release to the client. The level of this review will be dependent upon the technical
complexity of the report itself. In all cases, the report will be reviewed by the QC Manager.

The laboratory will archive all raw data/data packages associated with the analysis of project
samples for a minimum of 5 years after project completion. This includes QA/QC standards,
chromatograms, data notebooks, injection logs, instrument calibration and performance data, and
any associated workbooks and calculations.

7.0 INTERNAL QUALITY CONTROL CHECKS

Quality control checks will be implemented daily throughout the performance of field activities.
The QAPP and other required documentation will be available and maintained at the on-site
laboratory. The main focus of the QC Manager will be to assess the field procedures, the
laboratory data, and the results and conclusions drawn from this data. The assessment will be
steered by the QA objectives stated in Section 1.1. A complete data assessment will consist of a
step-by-step QC check from the collection of the data through the final data reporting.
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7.1 Field QC Check Samples

'.......... The purpose of collecting duplicate samples is to check the laboratory and field procedures, and
to evaluate the precision of the overall sampling and analysis program. The duplicate samples
will be collected from locations with known contamination.

Duplicates

During a given scheduled sampling at each well, the duplicate sample will be collected
immediately after the primary sample is collected. The duplicate will be assigned an
identification to distinguish it from the primary sample collected at that location. As the
duplicates will be submitted to the same laboratory, the identity of the duplicate will be
distinguishable only by the sampler and not by the lab personnel. Based on these results, an
objective assessment can be made concerning the lab and field procedures. Then an evaluation
of the precision of the overall groundwater sampling and analysis program can be calculated.
Duplicate samples will be collected at least weekly for off-site analysis. Daily duplicates will be
collected during onsite analysis when the sample load is high (greater than 10 per day) to
accurately assess the daily sampling variation and the daily laboratory operating procedures.

Blank Samples

Blank samples provide a check for cross-contamination during sample collection and shipment
and in the laboratory. They are required when conducting water, sediment, and air sampling.
Two types of blanks will be used to assess for potential cross-contamination during this project:
trip blanks and field blanks.

One trip blank will be analyzed weekly by off-site labs. A triplicate blank sample (reagent grade
water) will be shipped from the originating laboratory (off-site and on-site) to the facility and
will then be returned with a sample batch to the laboratory for analysis. The blank will not be
opened in the field and will remain in the cooler in which it was shipped from the laboratory. A
triplicate blank is particularly relevant when volatile organic analyses are conducted as a check
for cross-contamination during transport of the groundwater samples.

The second type of blank that will be used is the equipment blank. Equipment blanks are used to
evaluate decontamination procedures. Weekly field blanks (reagent-grade water) will be
prepared in the field during investigative work and daily during intensive sampling periods (for
example, tracers, surfactant flood). Equipment blank samples will be obtained for the nested
piezometer by pouring reagent-grade water into a clean, sampling bailer then filling a sample
container in the same manner that would be used to collect a groundwater sample. Equipment
blanks will be obtained from the wells by pumping reagent-grade water through the pump then
filling a clean sample container in the same manner that is used to collect groundwater samples.
This procedure is done in the field prior to sample collection at a selected location.

i
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8.0 PERFORMANCE AND SYSTEM AUDITS

This section describes the QA audits that will monitor the system used to obtain measurements.
These audits include technical systems audits and performance evaluation. A technical systems
audit is a qualitative evaluation of all components of the measurement system, including
technical personnel and QA management. This type of audit includes a careful evaluation of
both field and laboratory QC procedures. The technical system audits will be performed before,
or shortly after, measurement systems are operational, during the operation, and at the end of the
operation. The audits will be performed by the Surbec Project/QC Manager, Mark Hasegawa.
Copies of all reports summarizing auditing activities and corrective actions will be submitted to
TtEMI as they occur and in the form of monthly reports and a final report.

After measurement systems are operational and begin generating data, performance evaluation
audits will be conducted monthly to determine the bias of the total measurement system.
Performance evaluation audits will consist of submitting performance evaluation samples to the
laboratory, including duplicates and blanks.

Internal audits of data quality are retrospective evaluations of data and are required duties of the
QA Manager. A representative portion of the results in an analytical report will be reviewed in
detail daily by the QA Manager, starting with raw data and chromatograms, and then proceeding
through the calculation of final results. Copies of all audit reports summarizing auditing
activities and any corrective actions will be submitted to TtEMI for review.

9.0 CORRECTIVE ACTION

The QA Manager will be responsible for instituting and reporting all corrective action activities
(Table A.2). The QA Program calls for corrective actions whenever quality control limits (for
example, calibration acceptance criteria) or QA objectives (for example, precision, as determined
by analyzing duplicate matrix spike samples) for a particular type of measurement are not met.
The process will require corrective action if data generated from the laboratory lie outside the
QA limitations associated with sampling and analysis for the parameters of interest. All
corrective action -- initiation, resolutions, and related actions -- will begin immediately and will
be documented on the Corrective Action Request Master Log. All corrective actions must be
communicated to and concurred with TtEMI staff. A Corrective Action Form follows.
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CORRECTIVE ACTION FORM

Surfactant Enhanced DNAPL Treatability Study, Alameda Point, Alameda,
CA
Date:

Field Manager:

Project Activities Log (attach additional pa_es as required)
Time Description

Non-Conformance Activity or Work
Time Description
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10.0 SAMPLING CHAIN-OF-CUSTODY, HANDLING, AND SHIPPING
_J PROCEDURES

To ensure that samples are identified correctly and remain representative of the environment, the
documentation and sample custody procedures specified in this section will be followed during
sample collection and analysis. Standard sample documentation and custody procedures, as
outlined below, will be used during each sampling event to maintain and document sample
integrity during collection, transportation, storage, and analysis. The QA Officer will be
responsible for ensuring proper documentation and custody procedures are initiated at the time of
sample collection and that individual samples can be tracked from the time of sample collection
until the samples are relinquished to the laboratory. Individual on-site and off-site laboratory
personnel will be responsible for maintaining sample custody and documentation from the time
the samples are collected, through relinquishment to the lab, and to final sample disposition.

10.1 Sample Labels

Sample labels will be completed using indelible ink attached to sample containers at the time of
sample collection. Any errors will be corrected by drawing a single line through the incorrect
entry, entering the correct information, then initialing and dating the change.

10.2 Chain-of-Custody Procedures

..,_ Chain-of-custody (COC) procedures provide an accurate written record of the possession of each
sample from the time of collection in the field through laboratory analysis. A sample is
considered in custody if one of the following applies:

• It is in an authorized person's immediate possession
• It is in view of an authorized person after being in physical possession
• It is in a secure area after having been in physical possession of an authorized person
• It is in a designated secure area, restricted to authorized personnel only

The sample custody and documentation procedures will be initiated at the time of sample
collection in the field. Sample collection details will be documented using Field Daily Sampling
Log forms using indelible ink. Any errors will be corrected by drawing a single line through the
incorrect entry, entering the correct information, then initialing and dating the change. Samples
being shipped to an off-site laboratory will be documented using a Sample Submittal Form and,
along with a completed COC Documentation Form, will be included with each sample cooler.
Unused portions of the COC form will be crossed out and initialed. The sampler will retain a
copy of the COC Documentation and the Sample Submittal forms. These forms will be signed,
placed in a plastic bag, and taped to the inside of the shipping container used for sample
transport. Custody seals will be placed in two locations across the cooler closure to ensure that
any tampering is detectable. The date and initials of the sampler will be written on the custody
seal. Signed airbills will serve as evidence of custody transfer between the field sampler and
courier, and courier and laboratory. The sampler will retain and file copies of the COC record

,_ and the airbill after the samples are shipped. The samples are relinquished to the laboratory upon
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arrival, and the laboratory personnel will then complete the COC.

A field sample lot number will be assigned to each sample cooler each day of sampling and will
be recorded on the Field Daily Sampling Log. The field lot numbers are used to identify the
field samples that are associated with specific quality control samples; that is, the field lot control
number identifies the environmental samples and QC samples that were collected or submitted
for analysis on the same day. The field lot numbers have four characters. The first character
identifies whether there is an ambient conditions blank associated with the sample; the second
character indicates whether there is an associated equipment blank; the third character indicates
whether there is an associated triplicate blank; and the fourth character identifies the cooler that
was used for sample shipping. For this demonstration, the first number will always be zero,
because there will be no ambient condition samples. The next three numbers will be 0 to 9; that
is, the first blank for the day is "1", the second is a "2" and so forth.

10.3 Laboratory Custody Procedures

Upon receipt of samples to off-site laboratories, the integrity of the shipping container will be
checked by verifying that the custody seal is not broken. The cooler will be opened, and the
temperature blank will be measured to determine the temperature inside the cooler. The sample
containers will then be checked for breakage, leakage, damage, and the contents of the shipping
container will be verified against the COC. Custody seal integrity, cooler temperature, and
sample preservation will be documented.

_ 10.4 Logbook Maintenance

A permanent logbook will be maintained in the sample control area of on-site and off-site
laboratories to document the following:

• Date of sample receipt
• Sample accession number
• Number of samples
• Source of samples

All insufficiencies and/or discrepancies in sample logging will be immediately reported to the
Laboratory Manager and the anomalies recorded in the logbook. The Laboratory Manager will
either resolve the problem internally or contact Surbec's Project Manager for resolution. If the
samples and documentation are acceptable, each sample container will be assigned a unique
laboratory identification number to assist in tracking samples while they are in the custody of the
laboratory. Other information that will be recorded includes date and time of sampling, sample
description, due dates, and required analytical tests.

The samples will be transferred to the appropriate refrigerators. Separate refrigerators will be
used for samples suspected to contain high levels of organic compounds and for samples for
VOC analyses. The sample refrigerators will be kept at 4°C plus or minus 2°C; their
temperatures will be measured daily with thermometers calibrated against NIST thermometers
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and recorded. The cleanliness of refrigerators storing samples for VOC analyses will be
monitored using refrigerator blanks.

Samples will be distributed for analysis by either a sample custodian or laboratory chemist.
Sample tracking will be documented on the Sample Control Form. After all samples and
documentation have been reviewed and appropriately annotated, the sample custodian will sign
the logsheet. Any marks or notes made on the chain-of-custody document by the sample
custodian will be clearly distinguishable from original field notations.

Shipping receipts will be stapled to the COC Documentation Form and stored in the project file.
Samples will be placed in appropriate storage areas in the laboratory depending on storage
requirements. The laboratory managers or their designee will be notified that the samples have
arrived through the distribution of arrival notices. The sample custodian will log the samples
delivered into the cold room in the Cold Room Sample Arrival Logbook. The cold room will be
kept locked when not in use. Samples for metals analysis will be stored in a separate
air-conditioned storage room located near the metals sample preparation area.

I0.5 Sample Return and/or Disposal

All samples generated from the test site will be subjected to the appropriate testing procedures.
Wastes generated off-site during the course of the testing processes will be stored in designated
storage containers and disposed of by the laboratory as regulated according to all applicable
federal, state and local regulations.
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ATTACHMENT A

Standard Operating Procedure
Bench-Scale Surfactant Screening,

Tracer Testing, and
Analytical Procedures

1.0 Surfactant Bench-Scale Testing

Following are detailed standard operating procedures for the completion of bench-scale testing.

1.1 Contaminant Solubilization

The objective of this test is to quantify the solubilization potential of a range of surfactants and
for the dense nonaqueous-phase liquid (DNAPL) from the subject site. Contaminant
solubilization will be assessed in batch systems (40-milliliter EPA vials) by contacting an excess
of the DNAPL with varying concentrations of the surfactants (ranging from concentrations of
critical micelle concentration (CMC)/10 to concentrations of 20 times CMC concentrations) in
site groundwater at the site temperature. At least 6 surfactant concentrations will be utilized, two
below the CMC and four evenly spaced between the CMC and 20x the CMC on a solubilization

......_ versus surfactant concentration plot. Increasing DNAPL concentrations will be evidenced in the
aqueous phase as the surfactant concentration increases (above the CMC for surfactants). The
plot of aqueous DNAPL concentration versus surfactant concentration will be almost horizontal
below the CMC and linear with a positive slope above the CMC. The linear portion of this
region can be interpreted to determine the micellar-water partition coefficient of the DNAPL;
increasing values of this partition coefficient indicate increased affinity of the contaminant for
the surfactant micelles (and thus improved efficiency in the surfactant-enhanced remediation).
Solubility as a function of cosolvent fraction will be measured and cosolvency powers will be
determined using the log-linear cosolvency relationship. Aqueous DNAPL concentrations will
be determined by High Performance Liquid Chromatography (HPLC) analysis.

1.2 Surfactant-DNAPL Phase Properties
The objective of this test is to evaluate the phase behavior of the surfactant (NAPL) system (may
be simulated NAPL) in an effort to avoid significant reductions in the interfacial tension or
unfavorable viscosities or densities which might result in unfavorable flow characteristics.
Formation of middle-phase microemulsions (with ultra-low interfacial tension) is specific to the
DNAPL composition and the groundwater system (temperature, surfactant system, ionic
strength, etc.) and must thus be carefully examined to achieve success. Therefore, site-specific
groundwater will be used.

DNAPL/surfactant or solution interfacial tensions will be measured for the selected surfactant

...._ systems. Samples will be prepared with 5 milliliters (ml) of DNAPL and 5 ml of surfactant
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solution in 15-ml sample vials fitted with sepia; the solutions will be equilibrated for 1 week with
.... daily gentle mixing to assure equilibration. Interfacial tensions will be measured. Studies will

be conducted in 10-ml glass pipettes flame-sealed to prevent volatilization losses. Five ml of
DNAPL and 5-ml of aqueous solution will be added to the pipettes. The hydrophilic lipophilic
balance (HLB) of the surfaciant system will be varied (for example, one surfactant concentration
will be held constant [for example, Aerosol OT] and the concentration of a second surfaciant or a
eosurfactant [hydrotrope; for example, SMDNS] or salinity or hardness will be varied). Visual
inspection will monitor the phase behavior (surfaciant in the oil versus water phase, appearance
of a third phase-middle phase microemulsion). The phase diagram will plot phase behavior
(Winsor Type I, II and III) as a function of varying the composition (HLB) and concentration of
the surfaciant system to produce a so-called three-parameter or phase optimization diagram. All
systems exhibiting acceptable phase behavior will also be examined for viscosity and density.
Systems with unfavorable viscosity or density will be modified or abandoned.

When adjusting surfactant systems towards a middle phase microemulsion pointwise solubility
enhancements will be determined. Comparing solubility enhancement versus interracial tension
(IFT) as the system moves toward the Winsor Type III middle-phase micro emulsion will
provide guidance as to what system to evaluate in column studies.

1.3 CMC Measurements

Because knowledge of the CMC of the surfactant facilitates conducting the remaining tasks, the
first studies to be performed will be measurements of the CMC's of the surfaciants at aquifer
conditions. The first step in determining the CMC of a surfactant will be to use a dye test, using
pinacyanol chloride as the dye, to estimate the CMC. Pinacyanol dye is violet in the absence of

'_'-'_ micelles but blue in the presence of micelles. A 10-ml sample of the surfaciant at a
concentration of 5 wt. % will be tested with a low concentration of the dye (initially solubilized
in an ethanol solution). If the dye becomes blue, then the 5 wt. % solution is above the CMC;
the solution is then diluted by factors of 10 (1 ml of surfactant to 9 ml of groundwater) until the
solution becomes violet. The CMC of the surfaciant is then approximately the average of the
lowest concentration showing micelles and the highest concentration showing only monomers.

The final CMC of the surfactant is determined by surface tension measurements using an
automated Wilhelmy plate tensiometer. The surface tensions of six surfaciant concentrations are
spaced so that 3 evenly divide the decade below the estimated CMC and three evenly divide the
decade above the CMC when plotted on a surface tension versus log concentration plot. The
break in the surface tension versus log concentration plot identifies the surfactant CMC. CMC
measurements will be performed using site groundwater at the site groundwater temperature.

1.4 Surfaetant Sorption
The objective of this test is to quantify the sorptive losses of the surfaciants onto the soil from the
test site. This will assess the negative impacts of surfactant losses due to sorption in the
subsurface, and will assist in screening the surfactants for use at the site.

Surfactant sorption will be assessed in batch systems by contacting varying surfactant
concentrations with a constant mass of soil from the site aquifer. Surbec Environmental will use
six concentrations per surfactant, beginning with a feed concentration of 1.0 times CMC and
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increasing in steps of two CMC units to a maximum concentration of 15 times CMC. The
,_,_ experiments will utilize 5 grams of soil with 25 ml of surfactant solution with equilibration times

of at least 24 hours. Upon centrifugation for solids-liquid separation, aliquots of the supernatant
will be analyzed for the equilibrium surfactant concentration. The mass of surfactant sorbed will
be determined by mass balance (with appropriate controls to account for other losses). The
resulting surfactant sorption isotherms (plots of mass of surfactant sorbed per mass of soil versus
equilibrium surfactant concentration) will be analyzed for appropriate sorption parameters (for
example, Langmuirian sorption coefficient and capacity terms).

1.5 Surfaetant Precipitation
The objective of surfactant precipitation is to quantify the precipitation boundaries of the
surfactants under investigation, whether the phase boundary is crossed due to ionic composition
(ionic surfactants) or groundwater temperature (nonionic surfactants) of the system.

Precipitation (phase separation) assays will be conducted using 120-ml glass vials with 100 ml of
solution in each vial. The ionic strength of the groundwater will be varied by addition of excess
multivalent ions to assess precipitation of anionic surfactants; the groundwater temperature will
be varied to assess phase separation of the nonionic surfactants. Ionic strength will be varied
from 0.1 to 10.0 times the dominant monovalent and divalent cation concentrations present in the
groundwater. Temperatures will be varied from 10°C below to 10°C above the mean
groundwater temperature for aquifer. Only one set of samples will be mixed; the same set will
be allowed to equilibrate at each target temperature. Surfactant concentrations will be varied
from 0.1 to 25 times the CMC for assessing phase separation. Surfactant phase diagrams will be

,_ plotted by showing regions of phase separation for plots of surfactant concentration versus ionic
strength at each temperature.

1.6 Contaminant Extraction-Column Studies

Surfactant and contaminant elution from the columns will be analyzed and plotted as
breakthrough and elution curves. Mass balances of surfactant and contaminant will be conducted
on the column runs and duplicates of certain column runs will be conducted; these measures will
provide confidence as to the validity and reproducibility of the column results. Each column
study will require 10 to 50 pore volumes to approach complete contaminant removal.

Glass liquid chromatography columns (2.5-centimeter diameter by 15-cm length) will be utilized
for conducting column studies. The columns will be packed with core materials obtained from
the subject site. Most likely the column will first be flushed with simulated DNAPL prior to
flushing. A time-controlled fraction collector will be utilized to collect discrete samples for gas
chromatograph (GC) or HPLC analysis. The surfactant/cosolvent concentration for each system
will be selected based on predicted performance. The surfactant/cosolvent solutions will be
prepared using native groundwater unless temperature measurements at the site indicate that a
different temperature should be used. Hydraulic flow rates through the column will be
determined prior to flushing the surfactant solution. When surfactant flushing begins, the
following parameters will be monitored continually: flow, injection rate, and pressure drop. For
each column test, a minimum of 7 in_fluent and 15 effluent samples will be collected. The
influent samples will be analyzed for concentrations of NAPL, surfactant/cosolvent, and selected
cations (four samples only). IFT measurements will also be made. The effluent samples will be
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analyzed for concentrations of dissolved TCE, select cations (four samples) and
...... surfactant/cosolvent. Each effluent sample will be checked for free phase TCE, and IFT

measurements will be made. Flushing will continue until an asymptotic level of removal is
achieved.

At the conclusion of flushing, the columns will be dismantled to determine the concentrations of
NAPL constituents and surfactant in soil. This information will be used to corroborate mass
balances for the contaminant and surfactant.

1.7 Equilibrium Partitioning Airstripping Tests(optional)
The purpose of the batch equilibrium testing will be to determine the effects of surfactants on the
partitioning of the NAPL components with air.

The surfactants selected for the final column soil flushing experiments will also be subjected to
batch equilibrium partitioning experiments (surfactant-contaminant-air). Five samples of the
surfactant/cosolvent solutions will be prepared at varying concentrations; if it is a surfactant, the
concentrations will be 0, 0.5, 10, and 25 times the CMC. Excess NAPL (actual or simulated)
solution will be added to each sample and mixed until saturation occurs. An air-to-water ratio of
(volumetric; 2 to 5 ml of aqueous phase) 20:1 has been selected; this ratio should produce
changes in the aqueous phase VOC concentrations over the range of surfactant concentrations
used. Each stock solution will be analyzed prior to the test to determine pre-partitioning
contaminant concentrations.

_-o_ Vials will be prepared in triplicate for each surfactant concentration and sealed with Teflon-lined
septum screw caps immediately after filling. Care will be taken to minimize agitation and
turbulence during filling. The vials will then be allowed to equilibrate for 48 hours in darkness.
The equilibrium contaminant concentrations in the aqueous phase will be determined by HPLC
or other appropriate analysis. The concentration of contaminant in the vapor phase will be
determined by an overall mass balance of the influent and effluent water stream.

The results of the batch equilibrium tests will be tabulated and summarized. The Lipe-Hasegawa
model will be used to plot predicted partitioning results (Lipe et al., 1996). The results of the
batch equilibrium tests will be used to validate the model for the site-specific NAPL.

1.8 Surfaetant Re-eoncentration/Mieellar Enhanced Ultrafiltration (MEUF)
The purpose of the MEUF testing is to determine the potential for economic recycling of the
surfactant through membrane filtration.

Suitability of the surfactant chosen from the column tests will be determined by bench-scale
ultrafiltration of solutions at 10 times the CMC. A volume of surfactant solution equal to 100 ml
will be placed in a stirred batch cell designed to hold a sample of the ultrafiltration membrane.
Air pressure will be applied to force the solution through the membrane. At least 20 percent of
the solution will be forced through the membrane to assure equilibration of the membrane with
the surfactant. Surfactant concentration in the permeate will be analyzed by HPLC. An
acceptable permeate concentration should be at or below the CMC of the surfactant. Flux across
the membranes will be measured across the largest molecular weight cut off (MWCO)
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membrane giving a concentration near the CMC to allow calculation of the total membrane area
,__,. needed for a scale-up.

1.9 Degradation Testing (optional)
Surfactant and contaminant degradation evaluation will be conducted by testing surfactants
and/or cosolvents in site sediment groundwater samples. Over the years, the techniques for
investigating the biodegradation of contaminants in the subsurface environments have been
developed by us and embraced by the scientific community. The procedures for these tests will
follow those included in the American Society for Microbiology's Manual of Environmental
Microbiology (Suflita et al., 1997). All degradation testing will be supervised by Dr. Joe Suflita.

Sediments collected from the contaminated site will be sealed in the field (in ammunition boxes
under nitrogen) and processed usually within 1 or 2 days. In order to determine the potential for
aquifer microorganisms to biodegrade surfactants or chlorinated solvents, slurry incubations will
set up under aerobic or select anaerobic conditions. Aquifer sediments samples will be opened in
an anaerobic glove bag containing 5 percent Hydrogen (H2) in Nitrogen (N2) to ensure that
subsamples for anaerobic incubations will not be exposed to 02 in the laboratory. Samples will
be mixed in the anaerobic chamber to try to attain a representative homogeneous sample to add
to aerobic and anaerobic incubation vessels.

Anaerobic incubations will be established by weighing 25 or 50 grams of aquifer sediment into
120- or 160-mL serum bottles. Anoxically prepared sterile mineral medium or site groundwater
was then added to the microcosms (50 or 75 ml). Serum bottles will be sealed with sterile butyl
rubber stoppers, or in the case of the volatile chlorinated solvents, with sterile composite stoppers

......._ (a butyl rubber stopper fused to a Teflon stopper). Microcosms will be sealed with aluminum
crimps. Headspaces of the microcosms will be then exchanged with 20 percent CO2 in N2 and
incubated at room temperature in the dark, or at the same temperature of the aquifer from which
the sediments will be derived. Depending on which anaerobic electron-accepting process is to be
studied, the mineral medium or groundwater is amended with nitrate for nitrate-reducing
incubations, Fe(III) for iron-reducing conditions, sulfate for sulfate-reducing conditions, or
without electron acceptor for methanogenic incubations.

Aerobic incubations will be established in Erlenmeyer flasks or serum bottles. Aquifer
sediments will be asceptically weighed into incubation vessels (25 or 50 grams) and will be
amended with site groundwater or sterile, aerobically prepared mineral medium (50 or 75 ml).
Flasks or serum bottles for incubations with surfactants will be sealed with foam plugs, and
serum bottles for chlorinated solvent incubations will be sealed with Teflon stoppers to prevent
volatilization. Vessels will be incubated on a rotary shaker at room temperature or at the same
temperature of the aquifer from which the sediments will be derived.

A known concentration of surfactant or chlorinated solvent will be added to each slurry from
sterile, surfactant or chlorinated-solvent stock solutions. Stock solutions to be added to anaerobic
incubations will be prepared anoxically. Surfactant- or chlorinated solvent-containing
microcosms will be incubated alongside unamended substrate controls to account for background
electron-accepting processes. Autoclaved controls containing substrates will be also established
to account to abiotic losses [autoclaved three times for 60 minutes at 121°C and 15 pounds per
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square inch (psi)]. All incubations will be set up in triplicate. The information determined from
...... these studies will in turn be extremely valuable in deciding on the appropriate surfactant and

ultimately in determining the fate of the contaminants. The incubation of aquifer slurries with
contaminants can determine the fraction of contaminant mineralized and provide data needed for
field studies.

Partitioning Tracer Testing Procedures

Objectives. Tracer tests will be performed prior to (pre-test) and subsequent to (post-test) the
technology demonstration test. The objectives of these tests are to determine the total volume and
the spatial distribution of NAPL within the flushed zone. During the test, a small volume of
solution containing low concentrations of both conservative and partitioning tracers will be pumped
through the cell. Chromatographic separation of the conservative and partitioning tracers will be
reflected in concentration breakthrough curves (BTC) developed for the various sampling points in
each cell. All tracer tests will be designed and conducted using procedures described by Pope et al.
(1994) and Annable et al. (1995).

Tracers. Tracers will be chosen based on their partitioning behavior between water and NAPL
from the test site. Other desirable tracer properties include 1) nontoxic, 2) nonhazardous, 3)
nondegrading, 4) low volatility, 4) reasonable cost and availability, and 5) easily quantifiable in the
presence of NAPL constituents. The impact of NAPL variability on the partitioning behavior of
selected organic tracers will be evaluated by laboratory liquid-liquid partitioning tests. When
possible, tracers will be selected from the following: ethanol, methanol, bromide,

.__j 2,2-dimethyl-3-pentanol, n-pentanol, 6-methyl-2-heptanol, 2,3-dimethyl-2-butanol, methylated
hexanol, and methylated octanol.

Tracer Solution. The tracer solution will be developed by mixing a small volume (approximately
5 gallons) of the mixed alcohols with sufficient fresh tap water to yield the appropriate volume and
concentration of tracer solution.

Sampling. Numerical simulations using a three-dimensional model will be run prior to each tracer
test. These simulations will be based on measured hydraulic properties of the medium, and the
partitioning characteristics of the tracers determined from laboratory studies. Sampling schedules
will be developed from simulated BTCs. Each BTC will be defined by at least 20 data points for
the sampling clusters and 20 to 30 points for the extraction wells. The distribution of these data
points will be adequate to provide resolution of the entire BTC with minimal extrapolation. A
minimum of one non-reactive and two reactive tracers will be used. Hydraulic gradients and flow
rates will be continuously monitored and recorded during each test. To the extent possible, sample
analysis will be conducted at the field site. All samples will be carefully labeled and stored in a
manner to protect sample integrity. Sampling schedules may be modified during the tracer tests
based on on-site measurement of tracer breakthrough.
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General Procedures. The injection/extraction schedule for the tracer tests is as follows:

Days Activities
0-0.5 Injection of 0.5 pore volume of fresh tap water and extraction of 0.5 pore volumes

of groundwater. These activities will establish hydraulic equilibrium in the
subsurface.

0.5-1 Injection of 500 to 1000 gallons total of tracer solution containing up to 100
milligrams per liter (mg/L) of various alcohols and 2,000 to 3,000 mg/L of
bromide. Extraction will result in fluid with a composition similar to that of site
groundwater.

1-6 Injection of 6 to 8 pore volumes of fresh tap water will follow tracer injection.
The recovery wells will operate at a rate designed to ensure capture of injected
tracers (expected duration of recovery well operation will be 8 to 10 days). The
extracted fluid will initially show a composition similar to that of the site
groundwater; the waste will then start to show increasing concentrations of the
tracer constituents, followed by decreasing concentrations of the tracer
constituents. Due to the low concentrations of constituents used in the input
tracer solution, it is expected that the extracted fluid will contain extremely low
concentrations of tracer constituents.

Data Analysis. Breakthrough curves for reactive tracers will be used to estimate the volume and
spatial distribution of NAPL in each test cell. Up to three methods may be used to calculate the

_-_ NAPL distribution. First, the integrated mass of NAPL in the swept volume will be calculated by
the method of moments. Second, an inversion technique will be used with a solution to the one-
dimensional convective-dispersive equation utilizing a method of superposition to account for
spatial variability along the flow path. The third method will be an inversion technique.
Calculations will be made for each of the sampling points and the extraction well. Estimated values
of NAPL saturation will be stored electronically in a uniform format.

Moment Analysis. The method of moments may be used in combination with head measurements
to determine the water-filled porosity and saturated hydraulic conductivity. These calculations will
be made at each of the sampling locations and the extraction wells.

Miscellaneous. It is probable that the composition, as well as the volume of residual NAPL, will
be altered during the technology demonstration tests; therefore, additional partitioning tests will
be required to design post-extraction tracer tests. Tracer screening will be done using NAPL,
which has been exposed to the appropriate extracting fluid under conditions similar to those
present in the test cells. When possible, additional testing will be conducted on NAPL (or core
material containing NAPL) taken from test cells following the technology demonstration tests.
To the extent possible, the same tracers will be used in both the pre- and post-test tracer studies;
however, if tracer partitioning behavior is substantially altered by in situ extraction, a different
suite of tracers may be required.
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....... Table A-l: List of Possible Analytes

Compound Type
Trichloroethene (TCE) Contaminant
Tetraehloroethene (PCE) Contaminant
Methylene Chloride Contaminant
Carbon Tetrachloride(CT) Contaminant
cis- 1,2-dichloroethene (1,2-DCE) Contaminant
1,1-dichloroethene (1,1-DCE) Contaminant
1,1-diehloroethane (1,1-DCA) Contaminant
1,2-Dichloroethane (1,2-DCA) Contaminant
1,1,1-Triehloroethane (1,1,1 -TCA) Contaminant
Vinyl Chloride Contaminant
Total Petroleum Hydrocarbons Contaminant
BTEX Contaminant
Bromide Tracer
Fluorescein Tracer
Methanol Tracer
Hexanol Tracer

2,4-dimethyl-3-pentanol Tracer
Ethanol Tracer

Propanol Tracer
_-_ 2,2-dimethyl-3-pentanol Tracer

n-pentanol Tracer
6-methyl-2-heptanol Tracer
2,3-dimethyl-2-butanol Tracer
methylatedhexanol Tracer
methylated octanol Tracer

BTEX-benzene, toluene, ethylbenzene, and xylenes
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Table A-2: Summary of Calibration and Internal Quality Control Procedures

Analytical Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Actiona
Method Parameter Check

SW8260B Volatile Check of mass Once per 12-hour shift Ion abundance criteria as l) Reanalyze BFB
Organics spectral ion described in method SW8260B 2) Adjust MS tune until analysis of

intensitiesusing BFBpassesspecifications
BFB

Five-point Biannually or when daily 1) SPCC average RF>_0.30 Repeat concentrations not meeting
calibration _(for calibration verification fails (>0.25 for bromoform - acceptance criteria
all analytes) SW8240); (_>_0.10for

bromoform and >0.20 for
1,1,2,2-tetrachloroethane -
SW8260)

2) RSD <30% for CCC RFs

CCV_h Every 12 hours, prior to sample i) Same criteria for SPCCs as 1) Repeat calibration verification
analysis for initialcalibration 2) If stillout, identifyandcorrect

2) CCC percent difference < problem
25% from average RFs 3) Reanalyze calibration verification;
calculated following initial if still out, recalibrate
calibration

Method blank One per analytical batch All analytes <QL 1) Investigate contamination source
2) Take and document appropriate

corrective action

3) Repeat initial daily blank analysis
or re-extract all global medium
level soil samples prior to analysis

4) Repurge and reanalyze all samples
processed with contaminated blank
at no cost to Surbec unless analyte
is not detected in associated

5) Flag sample results associated with
method blank contamination
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Analytical Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action a
Method Parameter Check

SW8260B LCS (prepared 1LCS per preparation batch or Recovery for all analytes within 1) Reanalyze LCS
with second per 20 samples, whichever is project limits 2) Identify and correct source of
source morefrequent problem
standard) 3) Ifstillout,reextractandreanalyze

affected samples
MS and MSD; 1 MS/MSD b per every 20 project Recovery and RPD for all 1) Reanalyze MS unless obvious
level of spike samples, or per preparation batch, analytes within MS/MSD matrix interference or high sample
must comply whichever is more frequent concentration; if still out:
withSW846 2) CheckLCS
criteria 3) IfLCSisin,flagdataasmatrix

interference

Surrogate spike Every sample, spike, standard, Recovery and RPD within 1) Recalculate result; if still out:
and methodblank project limits 2) Checkinstrumentperformance,if

necessary
3) Reanalyze unless obvious matrix

interference or high sample
concentration; if still out:

4) Flag results if they do not meet
criteria and document in report that
steps 1 through 3 were performed

IS and RT and Every sample, spike, standard, 1) RT: Must be <30-second 1) Inspect mass spectroscopy or GC
responses check and method blank change from daily CCV for malfunctions
from calibration 2) IS: Extracted ion area 2) Take appropriate corrective actions
check standard counts must be within a 3) Reanalyze samples analyzed while

factor of 2 from the daily system was malfunctioning
CCV

MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shall be submittedto Surbecfor

approval prior to any project samples
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Analytical Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action a
Method Parameter Check

SW8020 Halogenated Five-point Biannually or when calibration RSD <20% for RFs or r>0.995 1) Identify and repeat analysis for
Volatile calibration(for verificationfails for linearregression outlyingpoints
Organics& allanalytes) 2) RecalculateRSDorr usingvalid
Volatile points
Aromatic

Organics
ICV/CCV Daily, before sample analysis, Recovery must meet criteria 1) Reanalyze ICV/CCV

after every 10 samples, and at the specified 2) If still out, identify and correct
endofeachbatch problem;reanalyzeCCV

3) Recalibrate and reanalyze all
samples since last valid CCV

RT windows One 72-hour study performed on Per SW846 criteria 1) Perform maintenance
calculatedfor eachGCcolumnandwhenevera Repeattest
each analyte new column is installed

LCS 1 LCS per analytical batch or 1 Recovery within project limits 1) Reanalyze
per20 samples,whicheveris 2) Identifyandcorrectproblem
morefrequent Ifstillout,reextractandreanalyzeLCS

and affected samples

MS and MSD; 1 MS/MSD b per every 20 project Recovery within LCS limits 1) Reanalyze MS unless obvious
level of spike samples, or 1 MS/MSD per matrix interference or high sample
must comply analytical batch (whichever is concentration; if still out:
withSW846 morefrequent) 2) CheckLCS
requirements IfLCSis in,flagdataasmatrix

interference

Surrogate spike Every sample spike, standard and Recovery for all surrogates 1) Recalculate result; if still out:
reagentblank within project limits 2) Check instrumentperformanceand

correct, if necessary
3) Reanalyze unless obvious matrix

interference or high sample
concentration; if still out:

Flag results and report that steps 1
through 3 were performed
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Analytical Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action a
Method Parameter Check

SW8020 Method blank One per day/instrument No analyte concentration >QL I) Investigate contamination source
2) Take and document appropriate

corrective action

3) Repurge and reanalyze all samples
processed with a contaminated
blank at no cost to Surbec unless

analyte is not detected in associated
sample

4) Flag sample results associated with
reagent blank contamination

Second-column 100% for all positive results Quantitative confirmation by a Resample and reanalyze at no cost to
confirmation, to meet above the detection limit second GC column of Surbec, even if first column analysis
EMR d requirements except noted common dissimilar phase and retention was conducted within holding times

laboratory contaminants e characteristics within specified
(also see footnote "f') holding times

MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceedQLs shallbe submittedto Surbecfor

approval prior to any project samples

SW8015 Total Five-point calibration When daily calibration RSD of average RF <20% 1) Identify and repeat analysis for
Petroleum (forallanalytes) verificationfails outlyingpoints
Hydrocarbons 2) Recalculate using valid points
-Volatiles

ICV/CCV Daily, before sample Response for all analytes within 1) Reanalyze ICV/CCV
analysis, after every 10 + 20% of expected value 2) If still out, identify and correct
samples,andattheendof problem;reanalyzeCCV
each batch for gasolineonly Recalibrateandreanalyzeall samples

since last valid CCV
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Analytical Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action a
Method Parameter Check

SW8015 Method blank One per analytical batch No analyte concentration >QL 1) Investigate contamination source
2) Take and document appropriate

corrective action

3) Reextract and reanalyze all
samples processed with a
contaminated blank at no cost to

Surbec unless analyte is not
detected in associated samples

Flag sample results associated with
reagent blank contamination

LCS 1 LCS per analytical batch Recovery for all analytes within 1) Reanalyze LCS
or 1 per 20 samples, project limits 2) Identify and correct problem
whichever is more frequent 3) If still out, reextract and reanalyze

affected samples

MS and MSD; level 1 MS/MSD b per every 20 Recovery and RPD for all 1) Reanalyze MS unless obvious
of spike must comply project samples, or 1 analytes within MS/MSD matrix interference or high sample
with SW846 criteria MS/MSD per preparation concentration; if still out:

batch, whichever is more 2) Check LCS
frequent IfLCSisin,flagdataasmatrix

interference

Surrogate spike Every sample, spike, Recovery for all surrogates 1) Recalculate result; if still out:
standard, and reagent blank within project limits 2) Check instrument performance,

take corrective action, if necessary
3) Reanalyze unless obvious matrix

interference or high sample
concentration; if still out:

Flag results and document in report that
steps 1 through 3 were performed

Second-column For all detectable BTEX Confirmation by a second GC Resample and reanalyze at no cost to
confirmation, to meet results in the absence of a column of dissimilar phase and Surbec, even if first column analysis
EMRd requirements gasoline pattern retention characteristics within was conducted within holding times

specified holding times is
required
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Analytical Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action a
Method Parameter Check

SW8015 MDL study Onceper year MDLs establishedshallnot MDLs thatexceedestablishedcriteria
exceedQLs shallbe submittedto Surbecfor

approval prior to any project samples

160.1 Total 2-pointbalance Daily +1.99 mgfor200 mg+19.9mg 1) Recalibrate
Dissolved calibration for 100 g 2) If still out, repair balance and
Solids recalibrate

Method blank 1per 20 samples analyzed <QL

LCS 1LCS per preparation batch Recovery within project limits 1) Reanalyze LCS
or per 20 samples, 2) Identify and correct problem
whicheveris morefrequent 3) If stillout, reprepareandreanalyze

affected samples
Laboratory duplicate 1 per preparation batch or RPD within project limits Report and describe

per 20 samples, whichever
is more frequent

310.0 Alkalinity Titrant After preparation and RPD <20% 1) Repeat standardization
standardization monthly 2) Preparenewtitrant

LCS 1per 10 samples Recoverywithin project limits 1) Identify andcorrect problem
2) Reanalyze LCS
3) If still out, and reanalyze affected

samples
MS/MSD 1 per 10 samples Recovery and RPD within t) Reanalyze MS; if still out:

project limits 2) CheckLCSrecoveries
3) IfLCS recoveries are in, flag data

as matrix interference

MDL study Once per year MDLs established shall not MDLs that exceed established criteria
exceed QLs shallbe submittedto Surbecfor

approval prior to any project sample
analysis a
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Analytical Applicable Quality Control Minimum Frequency Acceptance Criteria* Corrective Action a
Method Parameter Check

ASTM Particle size Laboratory duplicate 1per preparation batch or RPD <20% 1) If out, repeat measurement
D422 per20sample,whicheveris 2) Ifstillout,flagdata
(modified) morefrequent

SW846 i Moisture Laboratory duplicate 1 per preparation batch or RPD <15% 1) If out, repeat measurement
per20 sample,whicheveris 2) If stillout, flagdata
more frequent

SW9045C pH Laboratoryduplicate Minimum 10%Field + 0.1pH unit 1) If out, repeat measurement
samples 2) Ifstillout,flagdata

Calibration check 1 per 10 samples analyzed + 0.05 pH unit Check with new buffers; if still out,
using buffer solution repair meter

405.1 Biochemical Laboratory duplicate 1 per 10 samples analyzed RPD <20°/d 1) If out, repeat measurement
Oxygen 2) If still out, flag data
Demand

All corrective actions associated with this project work shall be documented and the records maintained by the laboratory, as specified in the EMR Handbook.
b MSD must be included if such a specific regulatory agency requirement exists for a project.
c Test methods for evaluating solid waste, U.S, EPA, January 1995.
d EMR Handbook, 1992

e Methylene chloride, acetone, and 2-butanone are considered to be common laboratory contaminants. Therefore, second-column confirmation is not required
for the sole purpose of confirming the presence of any of these three analytes.

f For quarterly sampling, second column confirmation is not required if all detected compounds were confirmed at least once in the previous two quarters.
g SPCC =System Performance Check Compounds: 1,1-dichloroethene, chloromethane, bromoform, chlorobenzene, I, 1,2,2-tetrachloroethane. CCC = Calibration

Check Compounds: 1,1-dichloroethene, 1,2-dichloropropane, chloroform, ethylbenzene, toluene, and vinyl chloride.
Only the CCCs/SPCCs are monitored in the CCV.
Described in Method SW3550.

J No method specifications; limits to be used until data are available.

BFB = Bromofluorobenzene GFAA = Graphite furnace atomic absorption r = Correlation coefficient
BTEX = Benzene, toluene, ethylbenzene, ICV = Initial calibration verification RF = Response factor

andxylene IS = Internalstandard RPD = RelativePercentDifference

CCC = Calibration check compounds LCS = Laboratorycontrol sample RSD = Relative standard deviation
CCV = Continuing calibrationverification MDL = Methoddetection limit RT = Retentiontime

CF = Calibrationfactor MS = Matrixspike SPCC = Systemperformancecheck
EMR = EnvironmentalManagement MSA = Methodof standardaddition compounds

RestorationDivision MSD = Matrixspike duplicate
GC = Gaschromatograph QL = Quantitationlimit *Criteriais listedinTableA.3
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Table A-3: Summary of On-site and Off-site Analytical Procedures*

ITEM Sample Type Analytical Method # Method Title Ref
VOC Soil SW8260B Volatile Organic Compounds by 4

GC/MS: Capillary Column Technique
VOC (pre and post Ground water SW8260B Volatile Organic Compounds by 4
test GW and GC/MS: Capillary Column Technique
discharge water)
VOC (verification Ground water SW 8260B Volatile Organic Compounds by 4
of field results at (Modified to Account GC/MS: Capillary Column Technique
CEPA approved for Surfactants)
Lab)
VOC (UO analysis) Ground water Modified SWS015 GC with FID 5
VOC (onsite) Ground water Modified SW8015 GC with PID and Hall Detector 5
Surfactant Groundwater SeeSection8.5.1.1 HPLC 6,7
Organictracers Groundwater ModifiedSW 8015 GCwithFID 5
Foc Soil Walkley-Black Walkley- Black Method 8
MoistureContent Soil ASTM D2216 LaboratoryDeterminationof Water 3

(Moisture) Content of Soil, Rock, and

Soil-Aggregate Mixtures
Specific Gravity Soil ASTM D854 Test Method for Specific Gravity of 3

Soils

Bulk density Soil ASTM D2937 Test Method for Density of Soil in 3

Place by the Drive-Cylinder Method
Sieve analysis Soil ASTM D422-63 Method for Particle Size Analysis of 3

Soils

C1- Groundwater SW325.3 Inorganics,Non-metallics 1
_- SO4- Groundwater SW375.4 Inorganics,Non-metallics 1

NO3- Ground water SW 353.3 Inorganics, Non-metallics 1
Ca2+ Groundwater SW215.1 Metals(TotalandDissolved)AAS, 1

Direct Aspiration
Ca 2+ Soil SW 7140 Atomic Absorption, (AA) 2
Mg 2+ Ground water SW 242.1 Metals (Total, Dissolved, Atomic 1

Absorption)
Mg 2+ Soil SW 7450 Atomic Absorption 2
Na+ Groundwater SW273.1 Metals(Total,Dissolved,Atomic 1

Absorption)
Na+ Soil SW7770 AtomicAbsorption 2
BOD Groundwater SW405.1 Organics 1
TotalSuspended Groundwater SW 160.2 PhysicalProperties 1
Solids

TDS Groundwater SW160.1 PhysicalProperties 1
PH Ground water SW 150.1 Physical Properties 1
Alkalinity Ground water SW 310.1 Inorganics, Non-Metallics 1
BTEX Groundwater SW8020 AromaticVolatileOrganics 1
BTEX Soil SW8020 AromaticVolatileOrganics 1

* A copy of the procedure documentation will be maintained at the on-site laboratory.
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I. Methods for the Chemical Analysis of Water and Wastes. EPA-600/4-79-020. Revised March 1983.
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Additions.
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Waste. Document Control No. 955-001-00000-1.

3. Annual Book of ASTM Standards. American Society of Testing and Materials, 1994.

4. Federal Register Part VII 40 CFR Part 136, Oct. 26, 1984.

5. Compilation of EPA's Sampling and Analysis Methods. 2 nd Edition. Lewis Publishers, 1996.

6. Surfactant Remediation Field Demonstration Using a Vertical Circulation Well. Knox, R.C., Sabatini, D.A.,
Harwell, J.H., Brown, R. E., West, C.C., Blaha, F., Griffin, C. Groundwater, Vol. 35, No.6, Nov-Dec 1997.
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8. Part 2. Chemical and Microbiological Properties. In Method of Soil Analysis. American Society of Agronomy,
Inc., Madison, WI. 1965. pp 1372-1376.
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Table A-4: Quality Control Acceptance Criteria for General Chemistry and Miscellaneous Methods

Method Analyte Water Soil
LCS MS MS/ FD LCS MS MS/ FD

% Rec % Rec MSD RPD % Rec % Rec MSD RPD
RPD RPD

SW8015A Benzene 62-128 62-128b <33 <30 62-128 62-128b <33 <50
Toluene 62-129 61-137 <32 <30 62-129 61-129u <32 <30

Ethylbenzene 67-137 67-137 b <31 <30 67-137 67-137 b <31 <30
Total xylenes 64-136 64-136b <30 <30 64-136 64-136u <29 <30

" No method specifications available.
b LCS criteria will be used te identify matrix effects.

Method Analyte Water Soil(low) Soil(medium)
LCS MS MS/ FD LCS MS MS/ FD LCS MS MS/ FD

% Rec %Recc MSD RPD % Rec % Recc MSD RPD % Rec %Recd MSD RPD
RPD RPD RPD

SW8020A Benzene a 60-134 47-139 <22 <30 60-134 e 21-188 <9 _<50 33-134 l 33-134 g _<27 <50
Toluene a 66-133 51-136 <22 <30 66-131 30-172 <9 _<50 66-133 66-133 g <9 <50

Ethylbenzene a 66-138 55-138 <18 <30 66-138 36-158 <30 <50 66-138 66-138 <30 <50
Total xylenes d 63-141 63-141 _ <20 <30 63-131 66-138 <8 <50 63-141 63-141 g <8 <50

Based on historical MS/MSD data or historical LCS data.

d Must be included in matrix spikes.
Water sample LCS limits used until soil limits are available.

f SWS010B limits.

g LCS criteria will be used to identify matrix effects.

Method Analyte Water h Soil (low)
LCS MS MS/ FD LCS MS MS/ FD

% Rec % RecI MSD RPD % Rec % Rec MSD RPD
RPD RPD

SW8260B BenzenC 75-132 75-132 <10 <30 67-141 60-141 <18 <50
1,1-DichloroethaneJ 59-139 59-139 <23 <30 62-134 62-134' <16 <50
1,2-DichloroethaneJ 58-144 58-144 <26 <30 64-136 64-136i <20 <50
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Method Analyte Water_ Soil(low)
LCS MS MS/ FD LCS MS MS/ FD

% Rec % Rec I MSD RPD % Rec % Rec MSD RPD
RPD RPD

SW8260B 1,1-Dichloroethen6 J'k 51-145 51-145 _<26 <30 62-118 31-169 <31 <50
(cont'd)

cis- 1,2-Dichloroethene_ 50-150 50-150 <30 <30 50-150 50-150' <50 <50
TetrachloroetheneJ 68-148 68-148 <11 <30 66-127 66-127' <14 <50
Toluend"k 77-125 77-125 <12 <30 72-131 58-131 <24 <50
1,1,1-TrichloroethaneJ 57-145 57-145 <27 <30 56-144 56-144' <26 <50
Trichloroethene J'k 75-120 75-120 <11 <30 71-149 50-149 <26 <50
Vinyl chloride j 37-146 37-146 <35 <38 41-110 41-137 <38 <50
BFB 84-115 84-119 NA NA 65-123 65-123' NA NA

n 5 ml purge volume.

i LCS limits will be used to identify matrix effects.
J Minimum subset of analytes to be included in LCS.
k Minimum subset ofanalytes to be included in MS/MSD.
i No performance based specifications; limits to be used until data are available.

Method Analyte Water m Soil (medium)
LCS MS MS/ FD LCS MS MS/ FD

% Rec % Rec n MSD RPD % Rec % Rec" MSD RPD
RPD RPD

SW8260B Benzene ° 71-133 71-133 <14 <30 78-131 78-131 <6 <50 :
1,1-Dichloroethane ° 65-131 65-131 <19 <30 62-149 62-149 <8 <50
1,2-Dichloroethane ° 68-138 68-138 <12 <30 75-127 75-127 <5 <50
1,1-Dichloroethene °'p 51-133 51-133 <23 <30 61-122 61-122 <11 <50
cis- 1,2-Dichloroethene p 66-144 66-144 <18 <30 54-126 54-126 <24 <50
Tetrachloroethene ° 62-125 62-125 <18 <30 68-147 68-147 <8 <50
Toluene °'p 81-121 80-121 <14 <30 78-183 89-183 <12 <50
1,1,1-Trichloroethane ° 58-144 58-144 <21 <30 54-161 54-161 <7 <50
Trichloroethene °'p 73-121 73-121 <13 <30 69-122 81-122 <7 <50

Vinyl chloride ° 14-161 27-161 <20 <30 52-127 52-127 <14 <50
BFB 84-113 84-113 NA NA 65-123 65-123 NA NA
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m 15 or 25 ml purge volume.
LCS limits will be used to identify matrix effects.

o Minimum subset of analytes to be included in LCS.
P Minimum subset ofanalytes to be included in MS/MSD.

Method Analyte Water Soil
LCS MS MS/ RF LCS MS MS/ FD

% Rec % Rec MSD RPD % Rec % Rec MSD RPD
RPD RPD

TOC-WalkleyBlack NA NA NA NA 76-110 38-142 _<29 <50
El60.1 TotalDissolvedSolids 80-120 75-125 <20 <30 NA NA NA NA

E300.0 Anions 83-115 q 66-133 q <18 <30 75-125 75-125 r NA <30
E310.1 Alkalinity 95-109 85-115 s <20 <30 NA NA NA NA

E353 t Nitrate/Nitrite 85-115 85-115 r <20 <30 85-115 85-115 r <30 <50
E405.1 BiochemicalOxygen NA NA _<20 _<20 NA NA NA NA

Demand

SW6010A Calcium 80-125 59-125 <30 <30 75-125 34-128 <52 <100
Magnesium 80-120 66-120 <30 <30 75-125 48-125 <46 <50

q Range of all analytes.
r LCS limits will be used to identify matrix effects.
s No method specifications; limits to be used until data are available.

t Precision evaluated by duplicate sample analysis.

FD = Fieldduplicate
LCS = Laboratory control sample
MS/MSD = Matrix spike/matrix spike duplicate
NA = Not applicable
Rec = Recovery
RF = Response Factor
RPD = Relative percent difference
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APPENDIX B

HEALTH AND SAFETY
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To complete a problem-free, injury-free and accident-free demonstration, Surbec will conduct all
aspects of this Work Plan according to the Health and Safety Plan (HASP) presented in this
section. This document is subtier to Surbec's corporate Health and Safety Plan. All HASP
information will be subtier to 29 CFR and CCR Title 8; and 40 CFR and CCR Title 22. Surbec

will bear the ultimate responsibility for implementing and adhering to all safety measures. All
Surbec subcontractors are required to comply with this HASP.

1.10bieetives
The objectives of the HASP are as follows:

• Assess potential site hazards before work
• Ensure that all personnel are aware of potential hazards
• Minimize or mitigate potential hazards
• Provide a means to protect personnel and report incidents
• Complete demonstration with zero reportable incidents

1.2 Health and Safe ,ty Organization and Key Personnel
Jeff Brammer will cordinate Site Health and Safety with all subcontractors. All subcontractors will be
instructed with respect to site-specific health and safety issues and will be required to meet the criteria
included in this document.

Surbec Project Manager Mark Hasegawa 405-364-9726/405-640-9503
Surbec Site Health and Safety Officer JeffBrammer 405-826-2880

...._" Surbec UO Health and Safety Officer Bin Wu

TtEMI Site Health and Safety Officer Rafeal Lago 512-222-8258
TtEMI Navy Clean Program Health and

SafetyOfficer ConradSherman

1.3 Hazard Assessment

Several potential hazards may be encountered during the course of the demonstration. These
hazards are inherent to the scope of work and system operation described in this Work Plan. The
identified potential hazards presented here are not intended as a complete list. We have a duty to
recognize additional potential hazards throughout all phases of fieldwork. We have identified
the following potential hazards.

1.3.1 Chemical Hazards

The evaluation of chemical hazards is based upon the knowledge of site background and
anticipated risks posed by SESR. The chemical hazards associated with on site remediation
activities include groundwater with VOCs, alcohols (2% to 50%), and surfactant (2% to 6%),
which is to be used for enhanced solubilization. These chemicals will be handled using Level D
personal protective equipment (refer to Section 1.4.1). The following paragraphs describe
potential chemical hazards associated with SESR and the necessary precautions to be taken.

Liquid or Vapor Waste VOCs: The process liquid stream will contain VOCs. Site activities
will involve sampling the feed and effluent streams for analysis. Major contaminants of concern
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_'.i.... include: tdchloroethene (TCE), tetrachloroethene (PCE), 1,2-dichloroethene (1,2-DCE), 1,1-
dichloroethene (1, I -DCE), vinyl chloride, 1,1,1 -trichloroethane (TCA), 1,2-dichloroethane (1,2-
DCA), chloroethane, benzene, ethylbenzene, toluene, and xylenes. It is possible that other VOCs
may exist in concentrations exceeding permissible exposure limits at certain pumping/sampling
intervals. For this reason, safety precautions and procedures will be established by this HASP at
a level of protection to guard against the possibility of exposure from such an occurrence.
Workers will use appropriate personal protective equipment (PPE) when handling sample
preservatives. Exposure to VOCs should be extremely low due to the slow rate of vaporization
from the aqueous solution, short sampling time intervals during which vapors may escape, and
the fact that the SESR treatment system will be outdoors where ventilation will significantly
reduce exposure levels. Nonetheless, the safety precautions described in this HASP must be
followed to prevent unnecessary exposure to contaminants.

Personnel may come in contact with groundwater or vapor contaminants at any time during the
sampling, operation, and maintenance of the system. Precautions to prevent exposure to harmful
levels of chemicals will include the usage of PPE. An organic vapor monitor (OVM) will be
used during operations to record chemical vapor concentrations. Air-purifying respirators will
be worn accordingly.

Only the Site Health and Safety Officer has the authority to downgrade or upgrade PPE. During
operation of the system, personnel will follow these precautions:

• Avoid unnecessary contact with the contaminated groundwater or vapor.
_ • Wear appropriate PPE, such as inner and outer chemical resistant gloves, boots, apron,

coveralls, splash goggles, or shield and air-purifying respirator with organic vapor/acid
gas (OVA) filter cartridges, as required by this plan, when contact with liquid wastes can
OCCur.

• Periodically check system integrity to prevent leaks or spills.
• Use an OVM at all times during sampling sessions to measure chemical vapor

concentrations.

Methanol, Ethanol, Propanol, 2,2-Dimethyl-3-Pentanol, and Hexanol. One or all of these
alcohols may be delivered to the site. Methanol will be used for contaminant extraction from
soils in the field and laboratory, One of these alcohols may also be selected as a cosolvent for
enhanced contaminant removal or as partitioning tracers.

Denatured alcohol may be fatal or cause blindness if swallowed in quantity. Other symptoms of
exposure include headache, dizziness, nausea, and narcosis. Prolonged contact causes irritation
to the skin and eyes. If contact with skin occurs, wash thoroughly with soap and water. If
contact with eyes occurs, flush thoroughly with water for at least 15 minutes. If inhalation
occurs, remove to fresh air. If accidental ingestion occurs, drink water and induce vomiting
Denatured alcohol is flammable and should be kept away from heat and flames.

The following safety precautions are to be taken when one or more of these alcohols is being
used:
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1. Always wear chemical-resistant protective clothing, rubber gloves, goggles, and a
.... face shield when working with alcohols. Contact lenses should not be wom when

working with these chemicals. If vapor concentrations exceed the ceiling limit, Level
C PPE will be worn.

2. Store alcohols away from heat, sparks, or direct flame. Label tanks:

POISON

DANGER

FLAMMABLE

3. When adding any of these alcohols to feed tanks or reservoirs, make sure the area is
properly ventilated to prevent inhalation of vapors. Pour slowly to prevent agitation
and splashing.

Test Kit Chemicals. Appropriate Level D PPE will be used when handling any test kit
chemicals. Level D PPE will include eye protection, a laboratory coat, and chemical-resistant
gloves. Care will be taken while handling acidic and basic chemicals; sodium bicarbonate will
be available in the field as a neutralizing agent for use in the event of a splash or a spill. An
eyewash and shower station will be available in the field laboratory.

_,_,_ Sample Preservatives. Hydrochloric acid (HC1) or sulfuric acid (H2SO4) will be used as
chemical preservatives for water sample preservation. Both are strong acids and should be
handled with care. These acids will be supplied in l-liter bottles and will be stored in the
demonstration laboratory trailer. Refer to the appropriate Material Safety Data Sheet (MSDS)
for handling precautions and first aid response. Store acids in a dry place and prevent contact
with moisture, bases, metals, and oxidizers. Acids will be labeled by the chemical supplier.
Storage cabinets containing acids should be labeled as follows:

POISON

DANGER

CORROSIVE

Surfactants. Surfactants will be used for subsurface flushing activities. The surfactant will not
be selected until the laboratory screening process is complete. MSDS data for several candidate

surfactants are in Appendix F. The selected surfactant will be nontoxic and have Food and Drug
Administration (FDA) food-grade or food-contact status.

1.3.1.1 First Aid

In the event of contact with the contaminants of concern listed above, emergency response
_ personnel should be contacted immediately. Emergency response personnel should follow the
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first aid procedures as outlined in the attached MSDSs (refer to Appendix F). For additional
_.... information, refer to the Surbec Health and Safety Plan.

1.3.2 Physical Hazards

Physical hazards are inherently present during project field activities. Common physical hazards
include mechanical hazards, noise exposure associated with mechanical equipment use, slip-trip-
fall hazards associated with the field environment, hazards associated with weather conditions,
musculoskeletal injury resulting from lifting tasks, nuisance dusts associated with soil

disturbance, fire and explosion hazards due to the refinery process chemicals, and explosion or
electrical hazards from the contaminants present or underground pipes or lines that may be
encountered during drilling and sampling activities. The typical physical hazards anticipated to
be present on the site and the methods for preventing injury due to these hazards are described
below.

1.3.2.1 Drill Rig Hazards, Overhead Hazards, and Heavy Equipment
Drill rig operations present a hydraulic system hazard; therefore, only personnel trained in drill
rig use should be near the drill rig during operation. There will always be a minimum of two
personnel present during drilling operations: one operator and one driller's helper. If the drill rig
is operated on a sloped surface the "drill head" of the truck shall be positioned upgrade. The
driller is responsible for inspecting the drill rig daily for safety purposes.

In addition to the drill rig, some heavy equipment may be necessary tO install and remove the
,+ treatment system. Caution shall be used when working around heavy equipment because of

obstructed views, loud noise, and other impediments. The operation of heavy equipment shall
comply with 29 CFR 1926 and CCR Title 8, Construction Safety Orders. Every operator will be
trained properly in the operation and maintenance of equipment. The equipment operators are
responsible for daily verification that the equipment is safe to use. Proper safety practice will be
observed near heavy equipment.

1.3.2.2 Noise

A noise hazard is presented from drilling equipment, airplanes, or other field activities. Hearing
protection must be provided when noise levels are identified as exceeding 85 decibels (that is,
whenever normal conversational speech cannot be heard) over an 8-hour period. Ear plugs
and/or muffs will be worn at all times when personnel are within 25 feet of the drill rig. Hearing
protection will also be worn in the vicinity of generators or any other equipment emitting loud
noise. If hearing protection upgrades are deemed necessary by the site safety officer (SSO), they
will be provided to personnel working in the noise hazard area. Refer to 29 CFR 1910.95 for
additional information on noise exposure.

1.3.2.3 Slip-Trip-Fall Hazards

Slip-trip-fall hazards are common at most sites. While it is difficult to eliminate all slip-trip-fall
hazards, risk of injury will be minimized by implementing safe work practices, utilizing proper
foot wear, keeping the work area free from obstructions, and practicing good housekeeping.
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.... In addition, the process piping for the extraction wells will connect to system components with
aboveground piping. Well heads, piping, or other obstacles that may present tripping hazards
will be marked conspicuously upon completion.

1.3.2.4 Lifting Hazards

Field operations often require the performance of laborious tasks. All employees must
implement proper lifting procedures, such as keeping the load close to the body and using leg
muscles instead of back muscles to perform lifting tasks. Additionally, employees shall not
attempt to lift large, heavy, or awkwardly shaped objects without assistance.

1.3.2.5 Heat Stress

Care must be taken in order to avoid workers being overcome by heat stress due to the
anticipated weather conditions and the added stress of the protective gear. All project tasks will
be altered during times in which conditions significantly pose the threat for workers being
exposed to heat stress.

Frequency of breaks will be based upon individual worker conditions and needs, as well as
ambient air temperatures; breaks may be mandated by the SSO. Shade, cool water, and
electrolyte solution will be provided at the site. Workers will be observed for potential problems
prior to resuming work after breaks.

........i_. Monitoring Workers for Heat Stress. For workers wearing permeable clothing, follow
recommendations for monitoring requirements and suggested work/rest schedules in the current
American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Values
for Heat Stress. For workers wearing semipermeable or impermeable clothing, the ACGIH
standard cannot be used. For those situations, workers should be monitored when the
temperature in the work area is above 90OF (32°C). Monitor the following criteria:

• Heart rate. Count the radial pulse during a 30-second period as early as possible in the
rest period. If the heart rate exceeds 100 beats per minute at the beginning of the rest
period, shorten the next work cycle by one-third and keep the rest period the same. If the
heart rate still exceeds 100 beats per minute at the next rest period, shorten the following
work cycle by one-third.

• Oral temperature. Use a clinical thermometer (3 minutes under the tongue) or similar
device to measure the oral temperature at the end of the work period (before drinking). If
the oral temperature exceeds 99.6°F (37.6°C), shorten the next work cycle by one-third
without changing the rest period. If the oral temperature still exceeds 99.6°F (37.6°C) at
the beginning of the next rest period, shorten the following work cycle by one-third. Do
not permit a worker to wear a semipermeable or impermeable garment when his/her oral
temperature exceeds 100.6°F (38. I°C).

• Body water loss, ff possible. Measure body weight on a scale accurate to + 0.25 pounds
at the beginning and end of each day to see if enough fluids are being taken to prevent
dehydration. Weights should be taken while the employee is in minimal clothing. Body
water loss should not exceed 1.5 percent of the total body weight in any given workday.
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Initially, the frequency of physiological monitoring depends on the air temperature adjusted for
'_ .... solar radiation and the level of physical work. The length of the work cycle will be governed by

the frequency of the required physiological monitoring. The suggested frequency of
physiological monitoring for fit and acclimated workers is as follows.

Adjusted Normal Work Impermeable
Temperature I Ensemble Ensemble

90°F (32.2°C) or After each 45 minutes After each 15 minutes
Above ofwork ofwork

87.5-90°F After each 60 minutes After each 30 minutes
(30.8-32.2°C) of work of work

82.5-87.5°F After each 90 minutes After each 60 minutes
(28.1-30.8°C) ofwork of work

77.5-82.5°F After each 120 After each 90 minutes
(25.3-28.1°C) minutes of work of work

72.5-77.5°F After each 150 After each 120
(22.5-25.3°C) minutes of work minutes of work

1

Calculate the adjusted air temperature (tadj) by using the following equation: taoj.(°F) = t (°F)
+ [13 x (% sunshine)]. Measure air temperature (t) with a standard mercury-in-glass
thermometer, with the bulb shielded from radiant heat. Estimate % sunshine by judging the
fraction of time the sun is not covered by clouds thick enough to produce a shadow (100%
sunshine - no cloud cover and a sharp, distinct shadow; 0% sunshine - no shadows).

Heat Stress Symptoms. Work activities in hot environments can result in heat rash, heat
cramps, heat exhaustion, or even heat stroke. Heat rash may result from continuous exposure to
hot or humid air. Heat cramps are caused by heavy sweating with inadequate electrolyte
replacement. Signs and symptoms include muscle spasms and pain in the feet, hands, and
abdomen.

Heat exhaustion occurs from increased stress on various body organs including inadequate blood
circulation due to cardiovascular insufficiency or dehydration. Signs and symptoms include:

• Pale, cool, moist skin
• Heavy sweating
• Dizziness
• Nausea

• Fainting
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'._i..... Heat stroke is the most serious form of heat stress. Temperature regulation fails and the body
temperature rises to critical levels. Immediate action must be taken to cool the body before
serious injury and death occur. IMMEDIATE MEDICAL ATTENTION IS REQUIRED. Signs
and symptoms are:

• Red, hot usually dry skin
• Lack of or reduced perspiration
• Nausea
• Dizziness and confusion

• Strong, rapid pulse
• Coma

1.3.2.6 Cold Stress

Preventive measures will be implemented during extreme cold conditions in order to prevent
cold injury. Work will be altered in order to reflect these concerns during times in which
conditions pose a significant threat for workers being exposed to cold stress. Workers
unaccustomed to working under thermal stresses will be allowed to become acclimated.

Frequency of breaks will be based upon individual worker conditions and needs, as well as
atmospheric conditions. A warm, protected break area will be provided. Consideration will be
given to working in the warmer times of day (during sunshine conditions). Workers will be
instructed to wear adequate layered clothing undemeath personal protective clothing. Drinking

_ water and electrolyte solution will be provided at site. Workers should self-monitor for signs and
symptoms of cold stress. Special attention shall be placed on signs or symptoms of numbness in
outer limbs and pale skin. Workers must report to the Site Safety Officer at the first sign of
altered feeling of the skin so that warming measures can be taken.

Of special note for cold stress on the site is the wearing of Tyvek suits. Disposable clothing does
not breathe; therefore, perspiration is not provided with the means of evaporation. During
strenuous physical activity, clothes can become wet. Wet clothes combined with cold

temperatures can lead to hypothermia. If the air temperature is less than 40°F and site personnel
become wet, the person must change into dry clothes. The heated break area or a personal
vehicle may be utilized as a change area.

Cold Stress Symptoms. If adequate clothing is not provided and time spent in cold areas is not
reduced, work activities in cold environments can result in frostbite or hypothermia.

Frostbite is an injury resulting from exposure to cold. The extremities of the body (fingers and
toes) are most often affected. SEEK MEDICAL ATTENTION IMMEDIATELY. The signs of
frost bite are:

1. Skin turns white or grayish-yellow.
2. Pain is sometimes felt early, but subsides later. Often there is no pain.
3. The affected part feels intensely cold and numb.
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_j Hypothermia is characterized by shivering, numbness, drowsiness, muscular weakness and a low
internal body temperature when the body feels warm externally. Hypothermia can lead to
unconsciousness and death. SEEK MEDICAL ATTENTION IMMEDIATELY.

1.3.2.7 Weather

During storms, rain may cause slippery surfaces. Lightning may also accompany storms creating
an electrocution hazard during outdoor operations. To eliminate this hazard, weather conditions
will be monitored and work suspended during electrical storms.

1.3.2.8 Underground Utilities
Facility civil engineering personnel will receive adequate notice to clear underground utilities
before field personnel proceed with digging or drilling operations.

The estimated location of utility installations, such as sewer, telephone, fuel, electric, water lines,
or any other underground installations, that reasonably may be expected to be encountered
during the drilling investigation, shall be determined prior to beginning work at the site. The
Alameda Point field team will issue a digging permit that contains provisions for utility marking
and clearance. The approximate location of the underground installations shall be defined as a
strip of land 2 feet on either side of underground installations.

1.3.2.9 Overhead Electrical Power Lines

•'_.... Overhead power lines pose a danger of shock or electrocution if the power line is contacted or
severed during site operations. Prior to conducting work in areas where overhead lines could be
affected, the field team will notify the appropriate utility contact personnel. Information will be
obtained regarding the line voltage and minimum separation distance required for work in the
area. Crews will avoid overhead utilities by respecting advisable clearances during all field
activities. Site 5 does not have overhead lines near the proposed study area.

1.3.2.10 Contact with Electricity
If mechanical equipment makes contact with electrical wires, it may or may not be insulated
from the ground by the tires of the equipment. Under either circumstance, if the human body
simultaneously comes in contact with the equipment and the ground, electrocution can result,
causing death or serious injury. If the equipment makes contact with overhead or underground
electrical lines, the following procedures shall be followed:

1. Personnel should not move or touch any part, particularly a metallic part, of the
equipment. Anyone in the cab of the equipment should stay seated and not move, under
most circumstances.

2. If it is determined that the equipment should be vacated, all personnel must jump clear
and as far as possible from the equipment. Personnel must not step off-- but must jump
off. Personnel should not hang on to any part of the equipment when jumping clear.

3. Personnel on the ground should stay away from the equipment; do not allow others to get
near the truck or rig. Immediately assistance should be sought from local emergency

._ personnel.
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4. When an individual is injured and in contact with the equipment or with power lines,
rescue should be attempted with extreme caution. If a rescue is attempted, a long, dry,
unpainted piece of wood or a long, dry, clean rope should be used. Personnel should
keep as far away from the victim as possible and not touch the victim until the victim is
completely clear of the equipment or electrical lines.

1.3.2.11 Fall Protection

During the demonstration, minimal overhead work will be performed. If a ladder or other
method of raising a worker above the ground becomes necessary, the situation will be assessed
for use of proper safety equipment. If work is conducted at a height greater than 4 feet, a fall
protection plan will be implemented.

1.3.2.12 Machinery/Mechanized Equipment
System operators will inspect the remediation equipment and maintain it for proper performance.
They will perform maintenance on mechanized equipment only after proper lockout procedures.

1.4 Engineering Controls
To minimize the risk of accident or injury related to the potential hazards identified in Section
1.3, the following engineering controls will be implemented.

1.4.1 Personal Protective Equipment (PPE)
All personnel working on site will use a minimum of Level D protection. "Modified Level D"
protection may be required when working with or around hazardous chemicals. "Modified Level

...... D" protection includes Tyvek coveralls, chemical-resistant steel-toed boots, chemical-resistant
gloves, and safety glasses. Workers will wear hard hats when working around all operating
equipment and when overhead objects present a hazard.

PPE will be upgraded to Level C or C-modified upon notification of high airborne contaminant
levels measured through site monitoring. Level C will include the use of a cartridge-equipped
(MT/NIOSH-approved, MSA full-face respirator with MSA GM-H cartridge or equivalent) air-
purifying respirator; chemical resistant apron (or Tyvek coveralls, depending on the specific
activity); chemical-resistant gloves; splash goggles; hard hat (as necessary); and boots/shoes
(leather or chemical resistant, steel-toe and shank).

1.4.2 Access Restriction

Temporary fencing or caution banners with signs will surround the test site, to block access by
unauthorized personnel.

1.4.2.1 Description of Exclusion Zone
An exclusion zone will be established around the active work area for all tasks. Caution banners

or safety fencing shall be used to delineate the exclusion zone during the demonstration unless
the safety and health of non-project personnel can be assured.

1.4.2.2 Description of Decontamination Zone
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...._ A decontamination zone will be established adjacent to or near the exclusion zone. A
decontamination "pad" will be constructed with visqueen and small berms for decontamination
of drilling equipment (for example, augers, samplers).

1.4.2.3 Description of Procedures for Entering Exclusion and Decontamination Zones
All personnel must have received required training as specified in 29 CFR Part 1910, and
undergo a daily briefing prior to their entering into the exclusion zone or decontamination zone.
All personnel must be wearing the level of PPE as specified in the HASP prior to entering the
exclusion zone or decontamination zone.

All smoking or other activities which may cause indirect ingestion of contaminants (that is,
eating, drinking, or use of tobacco) will not be allowed inside of or within 100 feet of the
exclusion zone or decontamination zone.

1.4.2.4 Description of Procedures for Exiting Exclusion Zone (Decontamination)

All exits from the exclusion zone must be made through the decontamination zone. Personnel
will perform decontamination as outlined below.

Decontamination Procedure. Personnel will perform decontamination prior to removing PPE.
Personnel who have not had direct contact with contaminated or potentially contaminated
equipment, wastewater, or media will remove PPE and place disposable garments in a double-
lined plastic garbage bag. All PPE will be temporarily stored in double-lined plastic garbage

....._ bags. Before disposal, all PPE will be made unfit for reuse (for example, arms and legs will be
removed from Tyvek suits). When bags are full, the vapor in these bags will be monitored for
contamination with field meters. In the absence of measurable contamination, the bags will be
disposed of as solid waste in a waste receptacle on base. If contamination is measured above
background (ambient air) levels, the PPE waste will be containerized and transferred as directed
by the base for disposal. The SSO is responsible for monitoring decontamination procedures and
determining their effectiveness. Potable water will be available on site for decontamination
procedures. Personnel who have had contact with potentially contaminated equipment or media
will perform the following process as necessary:

• Wash and remove exposed garments
• Rinse exposed equipment with Alconox and potable water
• Place disposable garments in double-lined garbage bag

All personnel must have an extra set of clothing on site in the event that their clothing becomes
contaminated.

Respirators, if used, will be cleaned, air-dried, and placed in sealed plastic bags. Cartridges will
be discarded after use. The decontamination water will be collected for disposal with the
remaining liquid waste. Decontamination water and Alconox solution will be collected
separately.

..... 1.4.3 Electrical and Mechanical Lockouts
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Electrical and/or mechanical lockouts will occur anytime during field activities if the need to
.....,..... repair or maintain the remediation equipment arises. Lockouts will include disabling the

equipment by interrupting the power source and locking and tagging all movable or hazardous
parts and power sources. Refer to the Surbec Health and Safety Plan for additional information
on lockout/tagout procedures.

1.5 Safety Training

1.5.1 Personnel Training
The Superfund Amendments and Reauthorization Act (SARA) passed into law in 1986 requires
that employers provide training for employees that are engaged in hazardous materials operations
and site cleanups. 29 CFR and CCR Title 8 require employees to have 40 hours of initial
training and 8 hours of annual refresher training. 29 CFR 1910.120 requires 40 hours of initial
training and 8 hours of annual refresher training for workers at uncharacterized sites, including
all workers involved in drilling and well sampling/testing operations. All other staff are required
to have 24 hours of initial training and 8 hours of annual refresher training. Workers who are on
site one time only or infrequently are not required to have any training provided they are
continually escorted by trained individuals. Supervisors and managers are required to have 8
hours of specialized training unless they engage in any hazardous materials operations. All site
personnel must meet these training requirements in addition to the site-specific training
requirements prior to working on site. All employees must have received the required

......_ Occupational Safety and Health Administration (OSHA) training per 29 CFR 1910.120. Copies
of records of employee training will be available on site. Refer to 29 CFR 1910.120 for
additional information on requirements for personnel training.

Safety training, required of all personnel working on site, will include:

• 24-hour OSHA training, and 8-hour OSHA annual refresher
• Pre-entry site briefing
• Daily monitoring
• Physical and health effects of the hazardous chemicals
• How to lessen or prevent exposure to these hazardous chemicals through usage of

control/work practices and PPE
• Emergency procedures to follow if they are exposed to chemicals
• Location of the MSDS file and hazardous chemicals list

All personnel will have current OSHA Hazardous Materials (HazMat) training, as required by 29
CFR 1910.120. The SSO will ensure that all personnel are trained properly and that records are
maintained. Copies of MSDSs for all hazardous chemicals known or suspected on site will be
maintained in the work area. MSDSs will be available to all on-site workers for review.

Pre-entry safety training will be conducted before any personnel begins fieldwork. At the
completion of the training, each person will sign the Health and Safety Plan Acceptance Form.
There may be instances where it is not practical to give every worker arriving at the site a
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comprehensive safety briefing. If the worker will be at the site for less than 4 hours, the SSO
will be responsible for supervising/escorting the worker while at the site. The worker will be
listed in the field logbook as a "casual worker" and will not be required to sign a Health and
Safety Plan Acceptance form.

1.5.2 Personnel Instruction

All Site personnel shall be instructed in basic hazard awareness by the SSO prior to daily work
activities on the Site. This training will be augmented by crew briefings and site-specific task
training. This training will cover safe operation of site equipment and lab safety in the on-site
laboratory. Initial training will include:

• History of the site
• Chemical hazards

• Requirements for personal protection equipment, its effectiveness and its limitations
• Emergency procedures
• Decontamination procedures
• Personal hygiene and care
• General health and safety practices
• Physical hazards
• Outline of the day's work, potential hazards, and topic of the day

Information concerning the health and safety hazards of the contaminants at the Site shall be
maintained at the Site by the SSO and shall be available to the employees for examination.

_"_ Personnel shall be trained and cautioned to be aware of, and inform each other of, subjective
symptoms of dizziness, uncoordination, or loss of equilibrium.

The SSO shall verify that employees have received training concerning the fitting, use, care, and
limitations of respirators and other personal protection equipment. Verification of a qualitative
respirator fit test shall also be made. Facial hair, which interferes with a satisfactory seal of the
respirator to the face, will not be allowed on personnel required to wear respiratory protective
equipment.

1.6 Site Monitoring

1.6.1 Operations
The treatment system will be closed, except for atmospheric discharge of air from the carbon
canisters, the collection of contaminants in drums, and the collection of effluent water in a
double-contained tank. Air monitoring will be performed in these locations routinely, using an

organic vapor meter. If an extraction pipe breaks or other system breaches occur, the area will
be evacuated and the system will be shut down until monitoring indicates the area is not
hazardous. Otherwise, no field activities will be conducted in the hazardous area until the
necessary repairs have been made.

1.6.2 Vapor Monitoring during Field Sampling
Initial air monitoring will be conducted by the SSO. After a period of several sampling episodes,

....J- the monitoring requirements will be reviewed on the basis of monitoring results and system use.
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Workers will conduct activities that present exposure risks (such as sampling) in Level D PPE,
"_,+- unless monitoring indicates detections are approaching action levels. At this point, PPE will be

upgraded or the activity will be rescheduled, as deemed appropriate by the SSO.

1.6.2.1 On site Air Quality Monitoring
Air monitoring shall be performed in the following manner. An organic vapor photoionization
monitor (OVM) shall be used to quantify airborne concentrations of contaminants (total
organics). Periodic readings shall be obtained in the work area. The airborne concentrations in
meter units (mu) should be recorded in the field logbook. The OVM shall be pre- and post-
calibrated daily. The results of daily calibration shall be recorded in the field logbook. Refer to
the Operator's Manual for the OVM for calibration procedures.

1.7 Medical Surveillance Requirements
All personnel will have records of current medical surveillance physicals on file before starting
work on site. Copies of these files will be maintained at the job site. No additional medical
surveillance will be required unless warranted by exposures recorded during the demonstration
period. Surbec will keep medical surveillance records.

1.8 Emergency Contacts And Medical Facilities
Surbec is responsible for health and safety while work is conducted at the site. The Surbec or
other personnel responsible for health and safety are to summon the following emergency
contacts in case of an incident.

_ SSO Jeff Brammer 405/826-2880
PM Mark Hasegawa 405/364-9726

The medical facility to be used during an emergency is the Alameda Hospital located at 2070
Clinton Avenue in Alameda. The hospital telephone number is 510/522-3700. Directions from
NAS Alameda to Alameda Hospital follow.

From Main gate:

• Drive straight onto Atlantic Avenue.
• From Atlantic Avenue heading east.
• Take Atlantic Avenue to Webster Street (CA Highway 61).
• Turn fight on Webster heading south.
• Take Webster Street two blocks south to Buena Vista Avenue.
• Turn left on Buena Vista Avenue heading east.
• Follow Buena Vista Avenue for 1.7 miles to Willow Street.

• Turn fight on Willow Street heading south.
• Follow Willow Street nine blocks south to Clinton Avenue.

• The hospital is at 2070 Clinton Avenue on the southeast corner of Clinton Avenue and
Willow Street.

A hospital route map is located on Figure B. 1.
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HEALTH AND SAFETY PLAN PROJECT ACCEPTANCE FORM

INSTRUCTIONS: This form is to be completed by each person who works on the subject
work site and returned to the Health and Safety Manager.

Job Number

Client/Project

Date

......_ I represent that I have read and understand the contents of the above Plan and agree to perform
my work in accordance with it.

NAME (PRINT) SIGNATURE COMPANY DATE
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....' APPENDIX C

SAMPLING AND ANALYSIS PLAN
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1.0 INTRODUCTION

A comprehensive and accurate performance evaluation of the demonstration depends on
obtaining a complete, representative, and consistent data set chronicling the results of the
demonstration. The data must characterize the original contaminant concentrations and
distribution, the mass and rates of contaminant and surfactant/cosolvent removed, and the
residual contamination and surfactant. The project sampling plan presented in this section
specifies the general sampling locations and procedures for collecting soil and groundwater
samples, the sample chain-of-custody procedures and the required packaging, labeling and
shipping procedures.

Sampling activities to support the demonstration include the following main phases: System
Well Installation, Laboratory Testing, Pre-demonstration Aquifer Testing: Push-pull Testing and
Partitioning Tracer Testing, Surfactant/Cosolvent Flushing Operations, and Post-Partitioning
Tracer Testing and Soil Sampling.

For each phase of sampling, the following information is specified within in this section:

• Sampling criteria and objectives
• Rationale for sample locations, number of samples, and analytical parameters

......'J • Field methods and procedures
• Quality control

Field methods and procedures include sample collection methods, disposal methods, equipment
decontamination, sample labeling, sample preservation, sample packaging and shipment and
sample documentation. Standard operating procedures (SOP) documentation will be maintained
at the on-site laboratory and at the University of Oklahoma laboratory. The selected off-site
laboratory will be responsible for maintaining their own documentation that is consistent with
procedures set forth in the WP. Where information regarding field methods and procedures or
any other aspect of the sampling plan apply to both phases of sampling, sections are cross-
referenced.

Section 1.1 details the sampling objectives to be followed for the sampling. Section 1.2
describes the sampling rationale for all phases of the demonstration, and Section 1.3 describes
the specific locations, procedures and methods, and frequency of the sampling for the
demonstration. Section 1.4 briefly summarizes the quality control (QC) sampling.

The goals of the listed procedures are to ensure that all information, data, and interpretations
resulting from the soil/water sampling are technically sound, valid and properly documented.
The implementation of procedures may change depending on the actual field conditions
encountered during implementation. If changes to the soil/water sampling procedures are
required, notification will be made as soon as possible of the change and work will not proceed

•,_ until concurrence on the change has been received.
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1.1 SITE SAMPLING OBJECTIVES

Site sampling objectives include, any field investigations or activities performed before, during,
and after the technology demonstration. The purpose of site sampling is to establish baseline
conditions, confirm that test site groundwater contaminant concentrations meet the technology
demonstration requirements, and evaluate the test progress and performance.

1.1.1 Sampling Objectives
The main sampling objectives are to assess contaminant concentrations in the soil and
groundwater at the selected demonstration site and to assess the demonstration performance.
Accurate contaminant concentrations obtained prior to, during, and at the completion of the
project will allow for a comparison to the project objectives. Specific objectives of the sampling
plan are listed below:

• To obtain accurate pre-test information (tracer tests) to accurately determine pre-existing
nonaqueous-phase liquid (NAPL) concentrations in the subsurface

• To monitor performance of the SESR system in terms of its performance in removing
target NAPLs (VOCs) from the subsurface

• To evaluate the aboveground treatment system for its ability to separate contaminant
from surfactant for surfactant reuse

• To obtain accurate and representative infiuent/effiuent water samples and flow data so
that accurate performance mass balances can be calculated

• To obtain representative ,;oil samples to accurately portray baseline VOC concentrations
• To obtain accurate surfactant analysis that will result in a realistic assessment of the

usage and recovery rates :for surfactants
• To obtain data that is useful for cost analysis and determination of the economic

feasibility of using SESR at other sites

1.2 SAMPLING RATIONALE

The purpose of the sampling phm is to meet the project objectives. The samples will be split
between the on-site laboratory (Surbec), the approved California laboratory (not yet selected)
and the University of Oklahoma. The sampling locations and samples analysis distributions are
documented in Table C-1. The :sample ports and well locations are illustrated in Figure 4.4. As
indicated in Table C-1 the sampling procedures have been broken down into five main sections:

• Demonstration Well Installation and laboratory testing
• Pre-demonstration Aquifer Testing: Partitioning tracer testing and Push-pull Testing
• Surfactant/cosolvent flushing
• Post-demonstration Partitioning tracer testing
• Demonstration Assessment Soil and Groundwater Sampling
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...._.. Demonstration Well Installation

The demonstration setup requires the installation of four recovery wells, two injection wells, two
hydraulic control wells, and four shallow monitor wells. During installation of the 12 wells, soil
samples will be collected for field and laboratory analyses as described in Section 1.3.

Laboratory Testing

The purpose of the bench-scale laboratory testing is to determine the optimal system for
surfactant/cosolvent flushing. Laboratory sampling procedures are outlined in the attached
quality assurance project plan (QAPP) and documented in the references.

Pre-Partitioning Tracer Testing and Push-Pull
The purpose of sampling during this phase will be to quantify pre-test NAPL concentrations in
the subsurface. The media to be sampled during this phase includes injection well groundwater
and recovered and processed groundwater. The sample matrix and analyses are documented in
Table C-1. The sampling frequencies for the tracer test (Table C-1) have been developed based
on the duration of the test and the number of data points required to provide sufficient statistical
analysis and a satisfactory level of confidence.

Surfactant/Cosolvent Flushing Operations
The purpose of the sampling during this phase will be to evaluate and adjust test conditions,
evaluate surfactant recovery from the subsurface, evaluate the performance of the above ground
treatment system and determine enhancement in contaminant recovery from the subsurface over
baseline conditions. The media to be analyzed during this phase includes background

_: (upgradient), perimeter (downgradient and cross gradient), and recovered and processed
groundwater. Sample frequencies and locations are documented in Table C-1. Sample
frequencies were established based on past test experience at Hill Air Force Base (AFB) and
Tinker AFB, and current experience at McClellan AFB. For the duration of this test, sampling
frequencies of every 8 hours (of the recovered groundwater and processed stream) will provide
adequate testing data information.

Post-Partitioning Tracer Test

The purpose of sampling during this phase of the demonstration will be to quantify post-test
contaminant concentrations. The media to be sampled during this phase includes groundwater
and recovered groundwater. Sample matrix and analysis are documented in Table C-1. The
sampling frequencies for the tracer test have been developed based on the duration of the test and
the number of data points required providing sufficient statistical analysis and a satisfactory level
of confidence (refer to the attached QAPP).

Demonstration Assessment Soil and Groundwater Sampling
Upon completion of the demonstration, soil samples will be collected at predetermined locations.
The purpose of the soil sampling is to determine the effectiveness of the soil remediation from
the surfactant flushing activities.

Groundwater samples will be collected from the recovery, injection, and hydraulic control wells
three weeks after cessation of the pumping activities. The groundwater sampling results will also

,_ indicate the effectiveness of the surfactant flushing activities.
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_i 1.3 FIELD METHODS AND PROCEDURES

This section describes the field methods and procedures that will be used for drilling operations,
groundwater sampling, aquifer characterization testing and Surfactant/Cosolvent Enhanced In
Situ Flushing technology performance sampling. Field methods and procedures are provided for
sample collection, disposal of contaminated materials, equipment decontamination, sample
preservation, and sample packaging and shipment. Sample labeling and chain-of-custody
procedures are described in the QAPP.

1.3.1 Drilling Activities

A total of 12 wells will be installed during this project. As these wells are completed, their
specifications will be provided to the TtEMI Project Manager for official documentation. The
drilling and well completion methodology will be consistent for all wells installed as part of this
project. Locations for soil samples will vary depending on the contamination level with depth.
Proposed well locations are shown on Figure 4.3. Shallow soil borings will not exceed 20 feet in
depth and will be advanced using hollow-stem auger methods with continuous coring or split-
spoon samplers (refer to the QAPP for alternative drilling methods).

Continuous Cores and Shelby Tube Sampling
The primary soil sampling methodology that will be used in the unconsolidated soils will be a
continuous tube sampling system. This sampling method uses a 5.5-foot steel split-barrel
sampling tube that is 2.5 to 4.0 inches in diameter. The sampler has a threaded cutting shoe,

_,,_ which mounts on the base of the sample tube, and a threaded retrieval head, which mounts onto
the top of the sample tube. A sample retainer can be used in sandy or gravelly soils to improve
recovery. The sampler is mounted within the lead hollow-stem auger flight and is adjusted so the
cutting head or shoe is even with the auger cutting bits or extends to as much as 0.5-feet below
the bit. The sampler is mounted on a drilling rod and is hydraulically pushed into the subsurface,
but does not rotate as the auger is rotated. The hollow-stem augers are advanced in 5.0-foot
increments. Once the augers have been advanced over the interval, the sampler is removed from
the borehole (augers remain in position) and the sampling barrel is split open to expose the
sample.

Shelby tube sampling may be employed in clay or silt soils where undisturbed soil samples are
required for physical or chemical tests if continuous coring is not effective. The Shelby tube
sampler (ASTM D-1 587-83) consists ofa 3 in diameter thin wall (16 gauge) steel tube, 24 to 36
inches in length. The bottom of the tube or bit is sharpened so that the bevel is on the outside of

the tube. The inside diameter of the bit is slightly less than that of the tube. The basic principle
of operation is to hydraulically push or hammer the Shelby tube into the undisturbed soil in one
continuous stroke without rotation. The tube is allowed to sit approximately 1 minute before
sample removal to increase adhesion. The core is released by manually rotating to break off the
core. The samples containing the soil should be carefully removed from the hole to minimize
disturbance to the sample. Following sample removal, the sample will be measured, examined
and described by the site geologist or geohydrologist. If undisturbed soil samples are obtained,
the ends of the sample tube will be sealed to prevent loss of moisture.
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___, Soil Vapor Sampling

If required, soil vapor headspace sampling will be conducted for the entire boring. The
headspace samples will be collected in glass jars, covered with aluminum foil, and after a period
of time pierced with an organic vapor monitor to record the vapor headspace concentrations. The
headspace results will be used to assist in determining which sample(s) should be sent to the
laboratory for volatile organics analyses as described in the QAPP.

Sample Collection Procedures

The sampling procedures common to undisturbed and disturbed sampling are described in this
section. A breakdown of the procedures is listed as follows:

• Sample interval
• Sample identification
• Sample collection and management
• Soil packaging and handling
• Soil sample description and logging

Sample Interval

Sample cores will be taken across the entire depth of all borings. Each sample core will be
examined and the geology logged according to the Unified Soil Classification System (ASTM
D2488). Cores will be examined for visible signs of volatile organic compounds (VOC). Soil
samples will only be obtained from beneath the water table. VOC samples from soils and
duplicates will be preserved in methanol and will be taken from cores within the above-

_ mentioned sample interval whenever VOC analysis are present. These samples will be sent to the
appropriate laboratory for VOC analysis.

In order to characterize the subsurface soil characteristics in the flushed zone, sample cores will
also be taken and sent to a geotechnical laboratory for analysis of frantion of organic carbon
content (foe),bulk density, porosity, sieve analysis, and moisture content. The sample cores will
be collected in shelby tubes with the ends sealed. They will be labeled, and placed in an
appropriate container for shipment to the laboratory. Sample locations and frequency are
identified in Table C-1.

In addition, cores will be taken during recovery/injection well installation and submitted to the
University of Oklahoma (OU) for bench scale analysis. Cores will be obtained and screened as
indicated above. Cores to be sent to UO will be from the targeted flushing zone and be
representative of the target area. The cores will be collected from the locations indicated in Table
C-lb.

Sample Identification
Each sample shall be identified according to its collection location. The sample will be labeled
by the well/boring it was collected from, followed by the depth, as appropriate. As an example,
a soil sample collected from the 24-foot depth during drilling and installation of Injection Well 1
would be labeled IW-1/24. A groundwater sample collected from Recovery Well 2 would be
labeled RW-2. The sample identification will be well documented on the chain-of-custody form,

_._ in the field logbook, and on the sample jar.
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Sample Collection and Management
....._J Sample collection and management will comply with this Sampling and Analysis Plan (SAPP)

and the QAPP. Soil samples will be collected for field headspace analyses and for laboratory
analyses of volatiles by method 8260. The field samples will be composited over 2-to 2.5-foot
increments from the soil cores collected in the continuous sample barrel or split spoons. The
samples will be placed in glass jars and covered with aluminum foil. After a period of time, the
foil will be pierced with an organic vapor monitor, and the headspace concentrations will be
measured and recorded. Upon completion of the sample measurement, the sample will be
disposed as outlined in this SAPP.

Selected soil samples will be collected for laboratory analyses of volatiles by method 8260. The
samples will be collected and preserved according to established protocol for methanol
preservation of samples for volatile organics. Soil sample jars, VOAs, will be pre-weighed in the
laboratory and recorded; a measured amount of methanol will then be added, and the jar will be
reweighed and sent to the field. A pre-determined amount of soil sample will be calculated based
upon the amount of methanol in each jar. The soil sample will be collected with an open ended
syringe and immediately extracted into the jar. The lid will be placed securely on the jar, and the
sample information will be recorded in the logbook. The sample will be placed in a cooler with
ice as required by the additional preservation protocols.

Sample Packaging and Handling
Samples to be sent to the laboratory for VOC analysis will be preserved in methanol as described
in Method SW8260B. Selected samples will be split in order to conduct the various chemical or

_J physical tests. All samples for the chemical tests will be placed in clean glass jars and properly
labeled. Samples cores for physical tests and for bench scale screening purposes will be
collected and sealed in shelby tubes before being labeled and placed in the appropriate shipping
containers. All samples that will be analyzed will have a chain-of-custody form completed.

Soil Sample Description and Logging
All recovered samples will be described and logged by the site geologist upon collection.
Description will include amount of core recovered; interval thickness; depth of lithology change;
color according to the Munsel Color chart; grain-size distribution; macro-features and physical
characteristics; mineralogy, soil and classification system (ASTM D2487 and D2488). Also
documented on the drill logs will be documentation of odors and staining. The boring logs are
the same as the ones used for the subsurface investigation.

Physical Testing of Soil Samples
Selected samples of the various lithological units encountered during test drilling will be subject
to selected physical testing for soil characteristics important to site characterization and
assessment. These physical tests will include the following methods:

• Particle size distribution (Sieve ASTM D-1140; Hydrometer ASTM D-2217)
• Visual classification (ASTM D-1587 and ASTM D-1588)
• Foe(Walkley-Black Method)

• Porosity (density ASTM D-2216 and specific gravity ASTM D-854)
.....L_ • Unified soil classification (ASTM D-2487)
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__.... • Soil moisture content (ASTM D-2216).

1.3.2 Groundwater Well Sampling

The groundwater sampling plan is outlined in Table C-1. All the sample locations have been
identified in Table C-1. Groundwater samples will be utilized to quantify VOC and surfactant
concentrations in the groundwater and will be critical in the evaluation of this technology.

All wells will be constructed and developed in accordance with the QAPP, and the groundwater
sampling procedures will follow the guidelines set forth in this SAPP.

The general activities (not necessarily in order) that will occur during groundwater sampling are
summarized as follows:

• Prearrangement of sample analytical requests with analytical testing laboratory
• Assembly and preparation of sampling equipment and supplies
• Groundwater sampling
• Well inspection
• Water level measurements

• Well depth measurement
• Measurement of any floating product in well
• Visual inspection ofborehole water
• Calculation of purge volume
• Well bore evacuation

• Sampling
• Sample preservation and preparation
• On-site measurement of parameters
• Sample labeling
• Completion of sample records (field log book)
• Completion of chain-of-custody records
• Sample shipment

Equipment Assembly, Cheek and Calibration
Prior to the sampling event, all equipment to be used will be assembled and its operating
condition verified, calibrated (if required), and properly cleaned (if required). In addition, all
record-keeping materials will be prepared.

This activity will include verification that all equipment is in proper operating condition. Also,
arrangements for repairs or replacements will be made for any inoperative equipment.

Prior to field use, where appropriate, equipment will be calibrated according to the
manufacturer's specifications. This step applies to the equipment for making on-site
measurements ofpH, specific conductance, and water temperature.

Groundwater Sampling Procedures

.,_ Groundwater samples will be collected and submitted for three types of analysis: (1) VOC
analysis, (2) inorganic analysis and (3) groundwater quality analysis. Samples will be collected
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....io_ by filling the containers to a positive meniscus then tightly closing the container lids. Sample
collection, labeling and chain-of-custody preparation will be consistent regardless of the analysis
to be performed. However, sample quantities, holding times, and preservation will vary
depending on the analysis to be performed. Whenever a commercial laboratory is utilized for the
analysis, they may be required to provide sample containers (this includes UO). Surbec will
supply the appropriate containers for all on-site analyses.

Special care will be exercised to prevent contamination of the groundwater and extracted
samples during the sampling activities. The two primary ways in which such contamination can
occur are through improper handling of a sample or through cross-contamination of the
groundwater through insufficient cleaning of equipment between wells.

To prevent such contamination, all sampling equipment will be thoroughly cleaned before and
between uses at different sampling locations. In addition, two further precautions will be
followed:

• New disposable latex (or similar) gloves will be worn each time a different well is
sampled

• Sample collection activities will proceed progressively from background to downgradient
areas or from wells that are least contaminated to wells most contaminated.

Depending on the level of sampling activity, weekly or daily field blanks will be prepared to
audit the quality of sample preparation.

The following paragraphs present procedures for the several activities that comprise groundwater
sample acquisitions. These activities will be performed in the same order as presented below.
Minor deviations from this procedure will be noted in the permanent sampling record.

Groundwater Level and Well Depth Measurement
Prior to the water level and well depth measurements, each well will be inspected thoroughly for
signs of damage. Any damage or repairs needed to the well must be noted on the groundwater
sampling record form or in the field logbook. Groundwater depth measurements will be
conducted.

Immiscible Phase and Dense Phase Organic Measurement
If dense nonaqueous-phase liquid (DNAPL) phase is thought to be near the base of the well, its
thickness must be measured and recorded. The presence of an organic layer precludes the
exclusive use of electric (conductivity) sounders to establish an accurate static water level
measurement. The electric sounders will not work properly in immiscible liquids.

The measurement of an immiscible layer requires the use of a specialized interface probe that
distinguishes between organic liquids and water. The probe should be dropped to the bottom of
the well to determine the thickness of DNAPL. The probe will beep continuously when NAPL is
encountered and intermittently when water is encountered. Equipment calibration and
decontamination will follow those procedures as outlined above. If the interface probe indicates
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, that DNAPL is present, a bottom discharge bailer will be dropped to the bottom of the well to
confirm the presence of free phase DNAPL.

Visual Inspection of Well Water

All observations regarding immiscible phases, odor, or any other visual evidence of
contamination will be recorded or in the field logbook.

Sample Extraction

A Grundfos® submersible pump will be used to purge groundwater from all wells during
sampling. Disposable Teflon bailers, a peristaltic pump, Grundfos® pump, or another pump will
be used to collect groundwater samples from all wells after purging. Prior to collection during
purging, water parameter stabilization will be documented by monitoring parameters such as
temperature, pH, and specific conductance. Each monitoring well will have dedicated sample
tubing. Between uses, all pumps will be cleaned in accordance with decontamination procedures
as documented in the QAPP. Care will be taken to prevent undue disturbance of water in the
well when inserting the pump or bailer. The groundwater will be carefully poured down the
inside of the sample bottle to prevent significant aeration of the sample. Excess water taken
during sampling will be placed in a container for proper disposal.

On-site Parameter Measurement

The following measurements will be taken using field measurements. These parameters will be
determined in each new well and at each major sampling event during the field demonstration.
These parameters are:

• pH
• specific conductance
• temperature

These parameters will be measured in unfiltered, unpreserved, "fresh" water taken by the same
technique as the samples taken for laboratory analyses. All on-site measurements will follow the
procedures outlined in this SAPP. The measured values will be recorded in the field logbook.

Sampling Records
To provide complete documentation of sampling, detailed records will be maintained. These
records will include the information listed below:

• Sample location (facility name)
• Sample identification (well number and/or sample number)
• Date and time of sampling
• Field observation of sample appearance and odor
• Weather conditions

• Sampler's identification
• Any other information which is significant

Groundwater sampling information will be recorded on a designated groundwater sampling
_L record or in the field logbook.
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1.3.3. General Sampling Procedures

Records Documentation During Aquifer Testing
Records will be maintained in logbooks, on laboratory and field forms for sampling events, and
for daily activities as specified in the SAPP. The following forms (located at the end of this
SAPP) may be used to record the data generated at the site:

• Field Daily Sampling Log
• Daily Field Logs
• Chain-of-Custody Documentation Form
• Drillers Log Summary
• Drilling Daily Field Report Form
• Lithologic Log
• Well Development Log
• Well Construction Details Form

• Data Validation Package Checklist

Site safety, field measurements, and site activities data will be kept in the field logbook. The
permanent field logbook will be a bound book with consecutively numbered pages that will be
suitable for submission as evidence in legal proceedings. The logbook will be used and
maintained on a daily basis; all entries will be in permanent ink.

Sample Containers
_ Whenever applicable the analytical testing laboratory will provide clean containers and

appropriate container lids with Teflon or aluminum liners for sample collection. All sample
container lids will be sealed with tamperproof tape, and a label will be firmly attached to the side
of the container (not the lid). The following information will be legibly and indelibly written on
the label:

• Facility name
• Sample identification
• Sampling date
• Sampling time
• Sample collector's initials
• Preservatives used

• Type of sample
• Analysis to be performed

Sample containers shall be specific to the analysis to be performed on the sample.

Sample Preservation
Water samples will be properly prepared for transportation to the laboratory under refrigeration
and chemical preservation, if necessary. Sample containers provided by the laboratory will have
any necessary chemical preservatives added to the containers prior to being sealed and shipped.
Sample containers provided by Surbec will be preserved in the field. While in the field, all
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collected samples must be placed in ice-filled chests. Sample holding times and preservation
+" requirements will be specified by the laboratory.

Sample Packaging and Shipment
The following packaging and labeling requirements for the sample materials are appropriate for
shipping the sample to the testing laboratory:

• Preserve samples with ice and cool to 4°C
• Package sample so that is does not leak, spill, or vaporize
• Label package with sampler's name, address, and telephone number
• Laboratory's name, address, and telephone number
• Description of sample

Quantity of sample
• Date of shipment
• Attach chain-of-custody forms inside shipment container

Disposal of Contaminated Samples
Soil cuttings will be placed immediately into roll-off containers stored near the demonstration
site. Two trash containers will be used to store potentially contaminated personal protective
equipment (PPE), such as the Tyvek and gloves, and for uncontaminated trash, such as the sand
sacks and well plastic wrap.

All groundwater produced during implementation of the demonstration will be placed in
,_,+, designated tanks stored near the demonstration site.

Groundwater samples that are analyzed on site will be disposed of by placing them in the storage
tanks containing recovered groundwater. Soil samples will be included with the drill cuttings.
The external laboratories must dispose of the samples in accordance with state and federal
regulations.

Wastes generated in the on-site laboratory will be segregated and containerized into separate
waste streams tO facilitate disposal by the base.

Equipment Decontamination
All sampling and test equipment that contacts the interior well casing will be thoroughly cleaned
before being used in the field. This equipment includes water level tapes or probes, pumps,
tubing, bailers, lifting line, test equipment for onsite use, and other equipment or portions thereof
which are to be immersed. All equipment must be cleaned prior to use, unless carefully cleaned
and wrapped for transport. The cleaning process is as follows:

• Clean with tap water and phosphate-free laboratory grade detergent using a brush, if
necessary

• Rinse thoroughly with tap water
• Rinse thoroughly with distilled water
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After sampling a well, the equipment used should be cleaned with phosphate-free laboratory
._,__ grade detergent then rinsed thoroughly with distilled water, methanol, then hexane or

cyclohexane. No metals contamination is anticipated; however, the decontamination protocol
will be modified to include a 0.1 N nitric acid rinse if it is determined that metals analysis needs
to be included in the sampling plan.

Any necessary deviation from these procedures will be documented in the permanent record of
the sampling episode.

Sample Documentation
After samples have been obtained, chain-of-custody procedures will be followed to establish a
written record concerning sample movement between the sampling site and the testing
laboratory. Each shipping container will have a chain-of-custody form completed by the site
sampling personnel packing the samples. The chain-of-custody form for each container will be
completed in triplicate. One copy of this form will be maintained at the site, and the other two
copies will be sealed in the container with the samples. One of the laboratory copies will
become a part of the permanent record for the sample to be returned with the sample analyses.

1.4 QUALITY CONTROL SAMPLING

A detailed description of the QA program is presented in the QAPP. However, a summary of
_o_ when duplicate and blank samples will be taken is included in Table C-1. In order to ensure

sample quality, duplicate samples, triplicate blanks, and field blanks will be obtained throughout
the project. As a rule of thumb, one duplicate sample will be taken per sampling day and
submitted for analysis. Triplicate blanks will be taken once per sampling week. Field blanks
will also be taken once per day.
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Table C-IA: Sample Collection Summary

Activity Sample # of Sample* Volume of Preservation Constituents Analytical Location of
type Samples Location sample Method Analysis

System Soil 18 Soilborings 20g methanol VOC SW8260B CAL-EPA-approved
Installation/ Soil 3 Soil borings 4"x12" core Core Box; 4°C foc, BD, por. MC ASTM Standard Testing

Soil 8 Soil borings 4"x12" core Core Box; 4°C Bench work NA OU/Surbec

Pre-sampling GW 12 GW wells 45ml ZeroHS;4°C VOC SW8260B CAL-EPA-approved
GW 4 GW wells 5-gallons Zero HS;4°C Bench work NA OU/Surbec
GW 1 GWwells 1 liter ZeroHS;4°C Waterquality ASTM

Aquifer testing GW 11 Recovery wells 500 ml Zero HS;4°C surfactant NA On-site/OU
GW 12 Rec.GW 40mlvial ZeroHS;4°C VOC MOD8260 CAL-EPA-approved

GW 174 Recovery wells 500 ml Zero HS;4°C tracers NA On-site/OU
GW 80 Recoverywells 500ml Zero HS;4°C Bromide BromideProbe Onsite
GW 17 Rec. GW 40 ml vial Zero HS;4°C VOC MOD 8260 OU/Surbec

Surfactant flush GW 179 rec. GW 40 ml vials Zero HS;40C Surfactant NA 95%on-site, 5% off-site
GW 179 rec. GW 40 ml vials Zero HS;4°C VOCs Mod 8260 95% on-site 5% off-site

GW 10 rec.GW 40 ml vials ZeroHS;4eC Waterquality ASTM
Vapor 10 AmbientAir TedlarBag ZeroHS;4°C VOCs CAL-EPA-approved

Post Aquifer GW 174 Recovery wells 500 ml Zero HS;4°C tracers NA On-site/OU
Test GW 80 Recoverywells 500 ml Zero HS;4°C Bromide BromideProbeOn-site

GW 13 Rec.GW 40ml vial ZeroHS;4°C VOC MOD8260 CAL-EPA-approved

Posttest Soil 8 Soilborings 20g methanol VOC SW8260B CAL-EPA-approved
Coring &
Sampling

GW-groundwater NA-not applicable
g-gram ASTM-American Society for Testing and Materials
ml-milileter OU-University of Oklahoma
VOC -volatile organic carbon
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Table C-lb Pre-sampling Plan
Samplelocation Soil Groundwater

VOC Geotechnical Bench VOC Bench BOD,TSS,TDS
Analysis Analysis Testing Analysis Testing AIk.pH, Temp.

1MW-1 1 1 1
2MW-2 1 1
3MW-3 1 1 1
4MW-4 1 1 1 1 1
5 RW-1 2 1 1
6RW-2 2 1 1
7RW-3 2 1 1 1 1
8 RW-4 2 1 11
9IW-1 2 1 1 1 1

10IW-2 2 1 1 1
11IW-3 1
12IW-4 1

Duplicates10% 0 NA 1 NA
Field
Trip(1percontainer)0 1

Total 18 3 8 12 4 1

MW-monitoring well
RW-recovery well
IW-injection well

_._ GW-groundwater
VOC-volatile organic carbon
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Table C-lc Hydraulic Testing 8nd Pre Partitioning Tracer Test
Pump and Push Pull Test PITT
Surfactant VOC Organic Tracer Bromide VOC
0-6 day,_ 0-6 days 0-3 days 4-6 days 0-6 days 0-6 days

1MW-1 3 3 1 1
2MW-2 3 3 1 1
3MW-3 3 3 1 1
4MW-4 10 5 5 2
5RW-1 20 10 18 2
6RW-2 20 10 18 2
7RW-3 20 10 18 2
8RW-4 20 10 18 2
9 IW-1 8 8

10 IW-2
11 IW-3
12 IW-4

Storagetank 2 2 3 3 2

Composite GW
Duplicates10% 1 2 10 5 1
Field

Trip(1percontainer) 1

Total 11 12 112 62 180 17

MW-monitor well

RW-recovery well
IW-injection well
MPP-macro porous polymer
MEUF-micellar enhanced ultrafill:ration

VOCovolatile organic carbon
BOD-biological oxygen demand
TSS-total suspended solids
AIk-alkalinity
TDS-total dissolved solids
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Table C-2d System Operation
Sample location Surfactant Samples VOC Samples BOD, TSS, Offgas

0-5 6-10 0-5 6-10 AIk.temp VOC
Days Days Days Days TDS. pH

IMW-1 3 2 3 2
MW-2 3 2 3 2

3MW-3 3 2 3 2
4 MW-4 3 2 3 2
5 SI(RW-1) 10 5 10 5
6 S2(RW-2) 10 5 10 5
7 S3(RW-3) 10 5 10 5
8 S4(RW-4) 10 5 10 5
9 IW-1

10 IW-2
11 IW-3
12 IW-4

Process Sampling
11$5(MPPinfluent) 5 5 10 5
12$6(MPPeffluent) 5 5 10 5
13 S7(backup stripper)
14 S8(backup stripper)
15 Sg(not sampled)
16$10(MEUFRetentate) 10 5 5 5
17$11(MEUFPermeate) 10 5 5 5
18 $12
19 $13 (reinjectionsolution) 10 5 10 5
20itankage 10 5 10 5 10 10

Duplicates5% 6 3 6 3
:Field
Trip(1percontainer) 5 5 5 5

Total 113 66 113 66 10 10

MW-monitoring well
RW-recovery well
IW-injection well
MPP-macro porous polymer
MEUF-micellar enhanced ultrafiltration

VOC-volatile organic carbon
BOD-biological oxygen demand
TSS-total suspended solids
AIk-alkalinity
TDS-total dissolved solids
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Table C-le Post-Test Aquifer Sampling Summary
"_,_.,_..: PTT

Organic Tracer Bromide VOC
0-3 days 4-6 days 0-6 days Day 6

1MW-1 3 3 1 1
2MW-2 3 3 1 1
3MW-3 3 3 1 1
4MW-4 10 5 5 1
5RW-1 20 10 18 1
6 RW-2 20 10 18 1
7RW-3 20 10 18 1
8 RW-4 20 10 18 1
9IW-1 1

10IW-2 1
11IW-3 1
12IW-4 1

Storagetank 3 3 1

CompositeGW
Duplicates10% 10 5
Field

Trip (1 percontainer)

Total 112 62 80 13

MW-monitoringwell
,.... RW-recoverywell

IW-injectionwell
GW-groundwater
VOC-volatileorganiccarbon
PTT-partitioning tracer test
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Table C-lf Post-Test Soil and Groundwater Sampling
Sample location Soil

VOC

Analysis
1 MW-I*
2 MW-2*
3 MW-3*
4 MW-4
5 RW-I*
6 RW-2*
7 RW-3*
8 RW-4*
9 IW-I*

10 IW-2*
11 IW-3
12 IW-4
13SB-1 2
14SB-2 2
15iSB-3 2
16SB-4 2

Duplicates 10%
Field
Trip (1 per container)
Total 8

* Soil boring to be placed ap )roximately 4' within listed well towards the inside of the cell

MW-monitoring well
RW-recovery well
IW-injection well
SB-soil boring
VOC-volatile organic carbon
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OU Visual MODFLOW v.2.7.1. (C) 1995--1997

Project: Ala_teda Point. Waterloo Hydrogeologic. Inc.

Description; B_I" in RW t--4 (Shallow) NC: 103 NR: 104 N]D ;_
Modeller: NIAH Current L_yer: I

29 Dec 98

............. i..........
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Table DI: Model Input Parameters

Input Value Reference

Hydraulic Conductivity 8 ft/d (fill) 0.001 ft/d (Bay Mud) Slug test Data / Soil core analysis
Hydraulic Gradient 0.002 (from north to South) Groundwater Sampling Events
Storage Coefficient (Sc) 0.0001 Freeze and Cherry, 1979
Specificyield 0.1 Freezeand Chew,1979
Bulk Density 48 kg/ft3 Site 5 Geotechnical analysis
Porosity 0.35 Freeze and Cherry, 1979
Linear Sorption Coefficient 0.0015 ft3/kg Previous lab analysis
(Surfactant)
Dispersivity 0.5 ft Distance/Peclet# = 10 ft / 20
Surface Elevation 112 ft Site Investigation Survey Data

Depthto groundwater 8 ft GroundwaterSamplingEvents
Grid resolution 1 ft - 4 fi Previous experience
GridSize 200ftx200ft RFP
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• _ MPP SYSTEMS
_ MPPE PROCESS DESCRIPTION

For
SURFACTANT-ENHANCED SUBSURFACE REMEDIATION

1.0 AKZO NOBEL AND MPP SYSTEMS

l'he Macro PorousPolymer- Extraction(MPPE) technologyis a productof Akzo Nobel
:_esearoh.Headquartered inAmhem, The Netherlands,Akzo Nobel is a worldwide
ndustriatorganizationwith operationsin more than60 countriesandover 70,000
_mployees. In additionto itscorebusinessesof chemicals, coatings,pharmaceuticals,
andfibers, the company focuseson the developmentof newproductsin major growth
sectorsthat draw on its technologicaland marketingknow-how.Akzo Nobel conducts
an activeenvironmentalpolicywithrespectto its productsandprocesses.The
"echnologicaland financialstrengthsof Ak,zo Nobelare an integralpart of the MPPE
productoffering.

MPP Systemswas establishedin 1994 to further developand marketthe MPPE
technology.MPP Systemsis a unitof Ak.zoNobelBusinessDevelopment(ANBD), ancl
has officesinThe Netherlands,Germany,and the UnitedStates.

2.0 MPPE PROCESS DESCRIPTION

The MacroPorousPolymer-Extraction(MPPE) system of Akzo Nobelseparates
hydrocarbonsfrom water by a uniqueand innovativeliquid-liquidextractionprocess.A
patentedporouspolymerdevelopedby Ak_o Nobelcontainsan extractionliquidwithin
the pores.The macro porouspolymerstructureis shownin Figure1. The polymerand
the extraction liquidare bothhighlyhydrophobicbut organophilic,especially toward
nonpolarcompounds.Hydrocarbons,dissolvedor dispersedinwater, partitionto the
extractionliquidand remain in solutionwithinthe polymerpores.A strongattractionto
the polymercoupledwith an extremely lowsolubilityinwater serve to prevent
partitioningof the extractionsolventto the water. Thus, a unidirectionalextractionmass
transferis accomplished.

The MPPE material is appliedina packedcolumn.The water/hydrocarbon
(raffinate/solute)pass in plugflowthroughthe columnand the solutepartitionsto the
solvent.Very highmass transferefficiencyis achievedas the decliningconcentration
raffinate/solutefront continuouslymeetsfresh solventin the polymer,the equivalentof
many extractorsin series.



. )ver time, the extractionsolventloadswith hydrocarbon.Beforethe water reachesthe
_aximumallowed effluentconcentration,the MPPE is regeneratedin-situby stripping

, ._ _ehydrocarbonsfromthe extractionsolvent.Low pressuresteam is introducedintothe
_pof the column.As the polymerheats, the solute is vaporizedfromthe solventand
asses outof the columnwiththe steam.Again, the strongaffinityof the solventforthe
olymer, coupled this time with itsvery lowvapor pressure,serve to keep the solventin
_epolymerpores. The steam and soluteare condensedtogether.Because the amount
f steam requiredfor strippingis verylow, the concentrationof solutein the condensate
xceedssaturation,which leads to phaseseparation.The free-phasesolute isavailable
_rbeneficialreuselrecycle or disposal.High purityand lowvolumefacilitateeconomical
ispositionof the recoveredsolute.The low-volume,solute-richcondensateis recycled
the MPPE columns in a closedloop.Figure2 isa flowdiagramof the MPPE process.



!

aure 1. MPPE structure.
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, Product Infon'nation

DOWFAX* Surfactants
_: u,lm i . i i

FDA Status of DOWFAX Surfactant Products

DOWFAX 3B2, DOWFAX Cl0L, DOWFAX 2A1, DOVVI=_ 2EP sn¢l DOWFAX 8390 sotutionsurfactan=,
when useclunmodified and accomlng to good manuf==turing prac_ces for food con== appScations, will
comply with the U.S Food, Drum and Cos_eti¢ Act as amended under FoodAdc:i_veRegulation 21 CFR
17B.3400 (Emulsifiers an_ sud'a_ scene agents). There t_'oducts are 0ascribed in the regulation as
follows:

"Sodium .-nonoalWIpllenoxyphenox_j/DeP,zenedisulf=nate andsoclium
dialkylphenoxyJoeRzene_Lsulfonatemixtures containing notless _an 70%
of _e monoaJ_lated pm=uct where th_ alk'yl group is Ce - C,o."

These products may be safely used as emulsifiers andlor sun_cm ec_we-agents in the manufacture of
articles or components of e_cles intended for use in produ=ng, manufactunng, packing, processing,
preparing, treating, oackaging, transl_ortingor hoi¢lingfood sub]e= to the prov=A=onsof this section.

No limitations am placed on fits physicalor cl_emicatnature of the a_cies or component= cf ar{icies to _
which the surfactants ma_ be added. They tnclude adhesives, resinous an0 polymeric coatings and
coatingsfor pal_ar end =apemoa_l. AL_. there = no limitation on the types ottoo_ with which the articles
may come in contact or on the amount used. The quarry shall hal however, exceecl that reasonably
re_lu;redto accom=iish the in,ends0 technical effect. Thus, these surfactants may be use_ unc!ere hUmidor
of regulations incluclingthe tel!ounceS:

2:CFR 175 105-Adhesives.

21 CFR 175.300 - Resinous and Polymenc Coatings

21 CFR 176.170 - Componer, ts of Paper and P_perooard =nCont_.ctwi_ Aqueous and FeW Fc:oas.

21 CFR 176. t80 -Components of Paper an= Paperboard :n Contact wi_, Dry Food

It is ,Jnoerltood thai the finished _rtic_emust conform to approl_nats regulations, but the surfactants listed
dO rJ_timpose any additional I_mitat=ons

1of1cages
I$10-015A

I'iOTICE:No freedomfromany pJtent ownedI_ySelleror others _sto be inferred. Becauseuse conclitlo,=an= applicable
lawsmay differfrom or=eIocatlOhto anotheran=may chsngewith Ume, CustomerIs r_SgOhetbletot determm,mgwhether
I:'rodu_ss_¢lthe informetio, in thisdocumentare sppr01:_ttcefor Ct;atomers useandfor Insuringth&tCustomer'S
workDlaoeand disposalpractices ere jr)compliancewithso:icsble tawsaria othergovernmentene¢tmlnts. Seller
assumes no obligationor liabitityforms informetic_mth8 document. NO WARRANTIESARE GIVEN: ALL iMPLIED
WARRENTtES OF MERCHANTASILII'YOR F_'NES$ FORA PARTICULARPURPOSEARE EXPRESSLY

_; EXCLUDED.



Product Information

DOWFAX* Surfactants
North American Regulatory Status of DOWFAX Surfactants

iii = --

' T$CA '; DSL
r CAS Number(s) i (UnitedStates) (Canada)

DOWFAX 2h,1 119345-04-9 Yes Yes

DOWFAX ZAO 119345-03-8 Yes ! Yes

038445-71-3 I
DOWFAX 3B2 Yes Yes

070146-13-3

070191-75-2
DQWFAX 3B0 Yes No

070191-74-1 i

, 055143-89-7
DOWFAX 8390 070191-76-3 i Yes Yes

i , ii

DOWFAX C6L I 147732-60-3 i Yes I Yes
i i ,

1510.rJ}TA
11f96

NOTICE" No free¢lpmf_m any patent owne:l by Seilot or o_er= is to be interred, Because use :ondlt=o_= anti a_l:licable
laws may differ from one Ioothon tOanother lnd may ¢:nangewith time. Customer is msponsib=e fOrdeterm[nimg wl_athor
products In= the Information tn this ¢locumln! ofQ aDproprilta for Customers use and for ensgdn0 that C_,latOfftor'l
WO_DIIce and ¢IIIDOIil prl¢i¢41 are in ¢=ompliancewrth IpDltoabis laws and other 9ovemment enactments. Setler
assumes r.¢ obl=ga(ionot lllbility for trio tnformalion inthis document. NO WARRANTIES ARE GIVEN; ALL IMPLIED
WARRENTIE$ OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE E,XPRESSLY
EXCLUDED

ell , I I •

• Tr_lmu_ at Tb: DewCd_J Compmy.



i Product Information

DOWFAX*Surfactants •
J

Degradation of DOWFAX Surfactants

A stu¢lywas under taken to ¢leterminethe degradation products of DOWFAX surf-act;ants.Two systems
were _X_thL,,¢I, s0il_rr_activated sludge Followingis an overvmw of th_-,_,_,_stud_u

,,D,OWF'AXChemistrY
Due to a_alytical complexities assomatea with a reaction m_ture _e degta¢l_on stucl=esinitially focused
on a single isomer, the monoalkylate¢l,Omulfonatedcomponent with an alWI ¢r,a=nof 16 carbons
(C16 IV1ADS).

NaO._S--__\_.I/--O- SO3N_

%_ Hypothetical Biodeera_at_on petnway
The choice of ial:}_mg _e ¢tl.sul=stltutednng 11sup=oRe= by the exl_ected biodegradatJonpathway which
is based on the known biodegraelat_onpa_wey of linear ello/I _r, zene sulfonate.

Bioaeg,a¢Iationis eXlSeCt_ to be initiated on the mrminal ,_mon of the linear aJW!group (omega
oxi¢laUon). Degraqat=on of the linear chain should proceed with consecutivetwo oamon losses (beta
oxidauon_w a carboxyli¢ acid Subsequent steps tn the pathway ere more speculative. One possible
pathway would include opening of the lri-sub_tuted nng followed by the 0egra0ation of the di-substituted
nng. Thus, labeling of the di-subst_tutedringwoul¢lallow the fate of the C1E MADS molecule to De stuclie¢l
untilboth aromatic nngs are =egraaed.

1 of S pages=

: 1510-014A
l
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Dear_"Jation in Ac'svgte¢ Sluaqe

A Soap 8n¢1Detergent Association flu an¢l¢_raw_essgnwts used to study the degracta_on of the
C16 MADS unOerboth acclimated and non-acclimated c=nclitions.

Municipala,,'tNatedsludge(2500mg/Lsuspenae¢tolids)wasacclimatedto20 I:_mC16MADS.
Activatedslulgenotexposedto C16MADSwasmalntatneO_na _rellel5ysdem.FolJowingacclimation.
racliolabelecl E16 MAD$ wes introducedto each system. Primary ¢legradsti=n*is plotted below.

asJO ;I _, s=_mmso m.,_

IO

i
1

0
10 ;_ :¢ 4O SO

Less than 2% mcliO-lal_ele:lCO2 was collected. By arran"zing'.he effluent, _e major degradation
IDroductwas ioentif'¢_las:

CH3-CH2-CH-COOH

Thts degradation product supports me _pothe_e_ degracmt_onpamway

* _ c_=,mc=lctmngeto• =Om=ou_l_ stem _=¢mpeme=sotP.ttitw.JInoI¢_.q_rms=one,toin Inl_,¢l_ pr=_l.Ounlt
=petitefortheo_mai =omv_n¢l.

2 _ 5I=age=
"_10-014A

NOTICE: NO fn_e_m ;,,,,,, any is,trent owne¢l Vy Seler or omel, dr,to N ,N_e¢l. Becma=, me _m-u= =rod ap¢ltcsbl_

, Mwsrrmydifferfromors locatmnt_amomeran_mw _ngt vvtm=me.C_ t=r_s_ssm= _r ¢_to_rmnm__mt_o_!
,_._. pm0ucsandtheir_ mm_sdoc_'no_Ire aC_e_naneforGuautomersuseIn= for onsu_ t_m Cm=orrm_s

wonmf=o8s._ d_e_ea_prac_cos_ Jn¢nm_dianc_wd_=;=pin=siDlekiwi1.¢ ot_sr_povemmt_tenactments.SelFer
assumesnoot_lJBsfiOnor|_b;lttyforthein_m81_o_inffl_sc_o_ms_t.NOWARRANTIESARE(_IVEN;ALLIMPLIED
WARRENTIESOFMERCHANTABfLITYORFITNESSFORA PARTICt./LARPURPOSEAREEX/=RESSLY' F-,,XCLUDED,



De_ radatton.in..Surf.aceSoil

Standmrdm_croceamswere IDrel_aredwit_ either aau,fer sOlids (subsurfacesandy loam) or a sandy loam
_urface soil and closedwith ra=C>-IabeleOC16 MADS.

95% _rimary mineralization"
SO/ , oom MADS deoradation after _5 days

_ubsurface sandy soil 1 10 clays ¢1%

Subsurface sandy soil 20 30 days <1%

Sandy loam surface soil ? 4 clays 2g%
Sandy loam surface soil 20 4 days 12,%

Stgntf=cantmineralization was act_ieveclinthe sandy loam surface soil. The major degraclartion
intermecliatedetectecl was similarto the product identifleclinMe =_vatecl sludge study.

Deqradation in .the Zal_n-Wellens P.roceclure(0ECD 302B}
Once there was an unclerstandingof _a clegrsda=ionof _e radto.lal_e!edC'IS MA_S, a standa_:ze¢l

test metl_oclwas employed to demonstrate _neral:,st_on of the ¢_mmercial mixture (DOWFAX 8390
solution)¢omparecl to me synthesized componenL

Upon dosing _e test system, t_e sur_ctsnts were rapidly adsorbed onto t_e sludge. As clegradation
_'_J o,____rved,the interme0iate was clesor'oedan= found in the bulk solution. Desorption was confirmed, in a

supplementary study with radio-labeled C1S MADS, by recovery of 100% of Me radioactivi.*yfollowing
filtrationof the =udge after 9 days. Thus. removal of DOC (dissolvedo_anic carbon) after 28 days was
due to bioclegrada_on, not aclsor_tlon.

After 28 days, the % removal (DOC) is:
- anahne (control) 9B%
- LAS 81%
- C16 MADS 43%
, DOWFAX 8390 54%

Having achieved 54% DO3 removal. DOWFAX 8390 may be class_nd as "inhersr_tlybIoclegrecla_le"

* conversion of a compoundto carbon dtoxtde, water one/o; inorganiccompounds, reponecf as % _*CO=.

3of5p=;_es
1510-0_.4A

NOTICE:No/re4dcxnfromeW i=_ehtewfle=lbySelC,roT_m mtolie_'_m_ld.Bec_seuse_ditior_ w_a,l_pl=c_le
_._ _ m|y *Jifferfr¢_ one IocabonInamolt_ =n¢lmayP..har_ewit/tI_'i4.CI;4=tomat,, rml>ons=blefat=_eJ_nmmli_wnc'_et

pro¢gc_slr_ I_ im_orrnlt_nintt_ doc,_r_flIre Ippro_¢ll_/orCIJsI_I_I roleI,'tdfar¢flsunn__ GuJmllef$
worl<l_la,-=,Rnd¢l=_Om_prs¢_c_=ami, Imml_an¢=wlt_l=l>plicablem antiot_ergovemmerrtII.nl,c:0'n_n_.Seller
assumesncobbgBt_0._orliablll_forthet,_t_'nltt_._iP.thndoeumerv.NOWARRAh_,ESAREGIVEN;ALLIMPLIED
WARRENT1ESOFMERCHANTAB_UTYORFITNESSFORAPARTICULARPURPOSEAREEXPRESSLYEXCLUDED.
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D_=nsdatior, Con¢lusi_r_

- Pdmar), biodegradation of C16 MAD$ occurs in a varmty of aambnc environments (activated
sludge, surface and subsurface sots). The degra0ation palhway ssconsistent with that of I.AS

-Pnmary bJodegraclabon of C1B MADS and DOWFAX 83g0 surfactant in the Zat_n-Wellens

test allows them to be classified as inherentJy biodegradable.

- There are microorganisms in the soil capable of mineral_ng the C1S MADS.

- The major degmclat_n intermediate resulting from the degradation of DOWFavX 3B2 surfactant

and DOWFAX C6L surfact.ant is consistent _,Aththat identifisO for _ Cll5 MADS degradation.

i
I

4 of SI_Wes
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Acute Aouat_cToxictWof the Maior Degradation Intermediate
The acuteaquatJcto,_c_tyof the major 0egradation intermediatewas determined. Both ratnl=owtrout and
daphnid were evaluatecl under staticconditionswith mplcate groupsof 10 organisms.

Samples of a_vate¢l sluc_geeffluent were prepared in semi,continuousactiv_e0 sludge (SCAS) units:
- Blank: Effluent from the SCAS unit

- Intermediate: Feed to the scAs unit contained 20 ppm DOW'FAX]_g0; the effluent was co_flrffted to
contain the previouslyidentified major intermediate.

- DOWFAX 8390: Effluentfrom the SCAS umt was amended with DOWFAX 8390 surfact=nt at known
concentrations.

_pe.'_es Time LC50 . ECSQ ,,
Blank trout 96 hr= >100% ° >100%

daphnid 48 hr= >100% >!00%

Intermedmte trout 96 hrs >100% :,100_
dapPm=d 48 hrs >100% >100%

DOWFAX 839;3 trout 96 hra 0.7mg/L ;:)7mg/L
i dap_nld 48 hrs 14.1mg/L :3.5mg/l.
l

• Not toxic

Aquatic Toy;city Results
. The effluent had no effe_s on the minnow troutor tim daphmd.

• The biodegradation productsfrom the activateclsludge treatment of DOWFAX 8390 suffactant had no
effects ¢n rainbow trout or daphnid

• The DOWFAX 8390 surf_ctant added ¢lim.-'tlyto the effluent zs toxzcto fish, _is _ conszstemwith
prewous studies.

5 ¢g5 p_le=
1510-014A
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' Product Information

DOWFAX* Surfactants
Biodegradabilit3' of DOWFAX Surfactants

The OOWFAX surfactents have been evaluatsd using the semvc,ontinuous eGUvated sludge
($CA$) confirming test specified by the Soap and Dete_lltt Assocu_t_on's(SOP,) Subcommittee
on Bioclegridation Test Methods. The procedure involves the addison of aurtactant at I nominal
concentration of 20 mg_l. tOSCAB cylinders operated on B24-hotJr fill and drain cycle. A 90%
reduction in methylene blue active substance following 23 hours of aeration is required to ¢lustfy
an anionic surfactant as biodegraclsble according to this procedure.

For DOWFAX 3B2, DOWFAX C10L and DOWFAX 8390, a greater thin 90% reduction occurred.
allowing classification of these produ=ts as biodegradable under the conditions of the $CAS test.

-_ DOWFAX 2A1 and DOWFAX C6L dialnot achieved a greater than 90% reduction, sO they are not
considered biodegre¢lsl}le under this procedure.

DOWFAX 2A1, which doel not Dais ttte SCAS test _r biodegrscel=dity, is biologically transforme_
¢luring the SCAS procedure. The effluent ofthe SCAS unit, containing me=0olites of DOWFAX
2A1, did not show any significant toxicity to fatttea¢l minnows (PhmeDhales cremates Rafinesque)
in 96 hours or to the water flea (Daphnia maona Stress) in 48 hours.

To date, only DOWFAX 8390 solution wet been tested under the gu¢lelmes of OECD 302B, theI

Zahn-WeUens procedure. DOWFAX 8390 solution may be classified as "itinerantly
.....'_ biodegreclsble" in a==ordance with this procedure

i ot ! I_q=cs
!$10-0(_=A
il/96

NOTICE:NOlreedom from anyOJtentownedby'Belieror othersis to Deinferred. Be,use usecond_¢nslind appt_r,4ble
lawsmayclffterfromone lot,aarontoanotherandmay changewdh time,Customeru msaonslt)l,_for detarmlnlmgwhether
procluotsandtP.eInformationinthisdocumentare appropriatetot Customers useand for eneurir,,gthatCustomer's
workpler,e linddispOSalpracticesare ih compliancewithepPllr.aolelawsorielothergovernmentenactments. Seller

: =resumesnoo_llgalionor liabilityfort._ereformationintills dOCument.NO WARRANTIESAR[ GIVEN;ALL IMPLIED
i WARRENI"IESOF MERCHAN'rABILITYOR FrrNESS FOR A PARTICULARPURPOSEARE EXPRESSLY

......_ EXCLUDED.
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" TOXCJ.tyis l_'pvrtcdin accoxdsa_ with tbe meS_ R'_ -"-*_-by theU.S. EPA":
• VI-I=very.Mgt_Jytoci_,,cO.!,,_.
• I-]- hiBtdytoxic,>O.imsd<ippm
• M -modalBiy Isnd¢,>! md <I0 ppm
• S= slightlytox,¢.>10_ < 100
• PN- _y ncn-tozJ¢,>!00 pl_

ee Pa86-129277 I_PA 54_q_1_0_ _ EVlhl_laD_ _ S_ _.VIIuaIIoII, P _t',P___,,,q¢ _ by F. _.___,P,_r_.

l $I0-007A

N_TICE:Nof_Idm_'tfromare/mltentowmldbySellero¢othersist=bemfefre¢. Because me _tbens s_ _tcs_is
i Ins my _ e.omonelocationto ImetharaltorosyI:_ha_ewlt_tf_, _J_omermmspormble_ ¢atemzn¢_wMthar

p_x_uctssr_ me *r_rms_n in_s aa:umentJ_e8pprucrmteforCu_mn_a m and tot'ens_ m_ G4,o_.ers• I

suwr, m m, _ga.on or imb_ fctt_ i_oms_J_ in_ls _oJme_ NOWARRAN'!"ISSAREG_,¢, ALLIMPUED
WARRENTIESOFMERCHANTABILITY'OR FITNESSFORAPARTICUL4,RPURPDSEAREF..XPR_SSLYEXC:_U_ED.

"'I_k of'r_ DowCh_i_ Cemp_
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.....'.....Product Bulletin

Product STEOL®CS-130
Name

Chem_l CH=(CI-_,0OH,(OCH2CI-_OSO_Na
8tru_Ullt

CAS Registry 15826-16-1
Number

INCIName SodiumLaurethSulfate

Applications STEOLCS-130isa sodiumlaurylethersulfatederivedfromtaffyalcohols,ethoxylatedtoan
averageof onemole,and sutfatedviaStepan'scontinuousSO=process. Theconsistent,high
purityproductmadepossiblebythisc_minuoussuffationprocesswill affordexcellent *
reproducibilityin8TEOLCS-13ObasedformuJas.

STEOLCS.130 offerstheformulatorimprovedmildnessoversodium|aurylsulfate,without
==crificirtgcriticalperformanceattributessuchasfoamingendviscosityresponse.Its lowskin
irritationpropertiesmakeitusefulformildcleansingproducts,as weftas, babyproducts.

i STEOL.CS-130isan idealsurfactantfor useinshampoo&bathproductsand handsoapsoffering
i.... excellentviscosityresponse,foamproperties,andskincompatibility.

The vircosltyof productsbasedon STEOLC$-130 can beenhancedthroughthe incorporation
ofamidesorheroineswhichwillalsoserveto improvefoamstability.Byadjustingtheamountof
additive,productsexhibitingthe desiredphysicalattnbutesare readilydeveloped SinceSTEOL
CS-130iscompatiblewithcommonlyusedopac.ifyingandpearlJzingagents,the formuJatoris
affordedflexibilityindove,ping productshavingthe desiredphysicalappeararl_.

Typical Appearancea 250C.................................................................................... Clearliquid
Properties A¢tives,% (MW346) ............................................................................................. 25.3

UnsulfatedMaterial,% ............................................................................................. 0.9
,_>diumChloride% ............................................................................................... 0.11
SodiumSulfate, ",4,,................................................................................................ 0.20
PC,oH, 10% aqueous................................................................................................... B.O

Ior,%1"@420nm................................................................................................ 97
Viscosity,cps@25=13............................................................................................. 136
V'mcosity,I:¢_s@60'0 ............................................................................................... 13
¢i:_dPoint(asi=_,*CC'F)............................... s(4_)
FreezePoint,°C (=F)......................... ................................................................... 6 (41)
PourPoint,_ (_F)............................................................................................... 8 (46)
FlashPoint(PMCC),"C (_F').......................................................................... >94 (>201)
CriticalMkmlleConcentration,g/L............................................................................. 2.S
Density,g/rr'J(lbs_'U.S.ga])............................................................................. 1.04 (8.7)
RVOC,U.S. EPA.%................................................................................................... O

Biodegradability Productis readilybiodegradable.Additic¢_linformationisavailableUl:X:>nrequest.

Toxicity STEOLO8-130ispracticallynon-to,it orally(I.D==i=>5 g/kg)endcausesmildto moderazeskin
I and moderateeyeirritationat 10%active.

_ L._ STEOL"ilia registeredtra¢lemarkof StepsnCorr_ary.

t=/,T
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Storage & Normal safetyprer..autions(i,e. gloves and safely goggle6) should be employed when handling
Handling STEOL CS-130, Contsc_with the eyes and prolonged contact wit_ the skin should be avo_led.

It is recommended that STEOL CS-130 be stored in sealed containers at temperatures above
45=F (7"C), Avo_d,overhea_ingor freezing, li material is frozen, mild heat and agitationare
recommended to ensure the material is homogeneous before use.

Bulk Storage Information: Tanks made of 316 stainleu =eel or fiberglass withan A_c 382
corrosion liner are recommended. Positivedisplacement gear pumps and piping shouldbe 316
stain(esssteel. Recommended storage for bulk tanks is g0-1CK3_F(32-38"C),

Standard Packaging: STEOL CS-130 is available in bulken¢l in 55 gallondrums (n_ weight450
Ib/204kg).

Clearances STEOL CS-130 is listedinJapan (M_TI2-16J32),Canada (DSL 15826-16-1), Auslralia
[AIC$15826-16-1), and Europe (EINECS 239-925-1).

STEOL CS-130 is availableas Kosher Ce_fieo.

Additional A,u,ate_s=_=yc= s_t =avenueu_.,,m_..=.
Safety'
Information

For Additional For appqc_Jl_JrPjor D.Ccluctt_rto'it_ ,l_lnlanr',e. C_; 0_' "T_h_' _ P_.me_t 1_ 1-8_. 7_.7_.

Assistance r-ororoenngac.,¢.ct.._'_e,csl!o_ C,us_n'_r_,co _.(¢_'1rllerllal 1-8c0.457-7673.
NothinRconchs0I_ers_g_n'_¢ro('.en_=ePcent_e_n._ _'fft:_'_,_¢onia!.eoI'_reln.Then'kl_ufac:ur_rsn_JIn_.t
ot_m_le¢,tt o_rmec_onwt¢,pat_:_,i_Ju_=lorI_e,%*lin9,O_the I_bie(re;_.cllessoff_u_:othevenOee'seml=,,_,ees,o___yo_¢

I=as_lon _o m_nufL."t;._r$own_tuffy,=nOthe worl_of orinco-_¢tlo_withtn¢acC,_ra,."y,complete'_:,,a3acu_cyor
OCherS,'Theman_.,tl,._,_ra(makesno warrantiet,,expm.¢_Oor fum_hmgof,_.'cnhfo,'mafion,
lmpt;ed,_ _ _heaccurlcy,¢o_,_=eness,o:_oequacyo1'the

.:, Stepan =
_,epa,_Company I_p_,,_

_,e_ Northfletd,Illinois60093
•._¢_ Telephone(B-_?)=45-750(3 s_Ns_, ,_
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BIODEGRADATION OF ALKYL ETHER SULFATES

Applicable Stepms Products:

ALPHA FOAMER* POLYSTEP®B-20 STEOL®CS-270
CEDEPAL®FA-406 POLYSTEa>®B-22 STEEL®CS-330
CEDEPAL®FS,406 POLYSTEF* B-23 SYEOLe C$.3"70
CEDEPAL®TD-403 STEOL®4N STEOL®CS-370-25
CEDEPAL®TD.407 STEOL®CA-130 STEOLe CS-460
CEDEPAL®TDS-484LD STEEL®CA-230 STEPOSOLe CA.207
POLYSTEP®B-l ] STEOL" CA-460 STEPOSOL®CA-319
POLYSTEP ®B-12 STEOL ®CS-130 STEPOSOL ® CA-406H
POLYSTEP ®B-19 STEOL ®CS-230

Biod_radation:

AIky.1¢dcr _,tr_t,_ (AES) trc fi'e_uentlyused in liquid deterBentproducts such as dishwashmg, hair
shampoo, bubble bath madshower/bath type products. It has been reported that over 500 million
poundsof AES arcproducedandusedannuallyin theUnited States.

Numerous laboratory studies have shown that the IincaJ"forms of AES, found in the Step_
surfactantsidenti_cdabove.,biodegradequitertadiJyunderboth 8or®bitandarmerobioconditions.
Primarybiodegndationof C,7ethers_Jl_tesin fiver die-awaystudiesh_ beenfoundto reach90-
100% within ] to 5 days. Ultimate hi®degradationoft,2 to Ctt ether sul/at_ h_ been shown to
reach 100% in 28 to 55 days in both oxygen demand and CO2 evolution studies OECD
(Orgc,lizadon forEcorK_c CoopeJationandDtvek:rpmem)Closed Bottle _d Sturm tests have been
perforraedon variousAES compounds by a numbs"of researcher,. Biodegradation ratesreaching
100%have been reported. The Step_ AES products identified above are consideredto b_ readily
biodei_'a_bl¢ by OECD r_nd_ds.

Field studieshave shownthatremoval of A.EScompoundsduringroutinesewage treatmem processes
is extensive.AI_S removalratesofgg-100% havebeenreportc,d.

]P.eferen_:

* Artb_"D. Litt/_.Itt¢.,_..a.,_oe_-n_l _ I.MmanSd'tcyel'Major St._f_mtant,,Vo_um_]. AniotaicSm'f_ct_ta, Part 2.
• AJcohol ]'.thoxy Std[a_% Fi.na/Reportto _ Soap and Dc'mrFnt AssociaL/on,Fcbma,'T. 1991.

* Po,hatct. H.A., "AIkTl _t_m"SuLfates',"i%©Ha=rib®okofgnviruta.'ne_udChc_str)', Vol 3, Part F: Amhrop¢8_ic
CempoumL%1992,pp. $$-68.

ALPHA FOAMER®, CEDEPAL@,POLYSTE.t>¢,sTEeL®, lind STEPOSOL_
arere$iscr=i_de.r_ ofSt_t_Compmay

i B]008.03
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........, VistaChemicalCompany

dATERIALSAFETYDATA SHEET4 Houston,TX77224 .

MANUFACTURER'SNAMI_ VISTA CHEMICALCOMPANY

ADDRESS 12025 .Vista Parke Dr- Austin, TX 76729
" , i i , i

TRADE NAME ALFON!C6110-10/50Alcohol Ether Sulfate fAoueou__lut_n_

SYNONYMS. Alcohol Ether Sulfate.{_o8_,Jmor Ar_non_a3alX:)
r-ASNUMBfR

68037-05-B (Ar_onia)or 6B037-06-9 (Sodium3 '

REGULARTELEPHONENO.512-_ 3 i,, 25.G._..O IEMERCENCYTELEPHONENO. 318-4(_--$142L i m II I I ' _ " '

MATERIALOR"COMPONENT % HAZARD DATA "
ii ii i i ii i

None , Non-Hzzzrdous

' ' i ii

.... i .i i i i

VAPOR PRESSURE(ramHg.) 49 @ 100=F MELTING POINT Unknown
i ,i i nm I

SOLUBILITYIN WATER Sol uble VAPOR'DENSITY Unknown
ii i

'AP.PEARANCEAND ODOR White _o pale yellow liquld/thick liquid. Sweet odor.
i "'"

FLASHPOINT AUTOIGNmON
(TESTMETHOD) _.Z!O=F (COC) TEMPERATURE Unknown

FLAMMABLE LIMITSINAIR.% BY VOL LOWER Unknown UPPER Unknown

{ ...........EXTINGUISHING
< MEDIA Wa:er spray; car_,cndioxide; dry chemical;a_=:ho,-a:pr:vec_:_-.

i i ii i

i
$PECIALFIRE Cool exposedecui;men:wi:h wa-,=rspray. Se2.-'-c:n:alne_
FIGHTING brea:hin_a_oara:usshould be worn if fi:h:inc fir._sin confine-/PROCIDUR_ ....
-- ,:_,"_ = _ , , , , , .!

UNUSUAl.RRE I
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_rritatign _ersists. seek med_cml mi_
%.
o#

SKIN:Flush with water, then wash affected area with mild soap and water.
If irritation persists, seek medical aid.

i

INHALATION:
Remove to fresh air. If breathing has stopped, administer
artificial respiration or ox_en. Seek medical aid.

INGESTION:oo HOTIHDUCI VOMITING.,If large smounCsare Cnges=ed, gastric lavage wl=h
Iar.ge amouml'.sof wa_e_"Or S perceB_ l_c_lt_ b_=arb_nl_e by {lual(.f(e_ l_ersons•
---r _r-_Trl. 'u.:I_

NATUREOF HXZARD
.D

EYES:Irritationmay occur with exposur_ _.oconcentratedvapors. Liquid is

SKIN:Repeated or prolonged contact can cause reddenin@ of the skin,
scaling, and dermatitis. _ .

INHAJ-ATION:Irri:ationof the nose and throat, dizziness,and headache•

•_,..

Depre_sion...of cen'c_al nervous I.yI_em. t?

EFFECTSOF ()VL=I_POSURI:

ACI_ OVFRI:XPOSURE:Irri:ation nose, .eyes, and throat,, dizziness and

, mw:o:Y=rYc_t=I_@adache'CHRONIC......_._-........Depressionof central nervoussystem.

THRBHOLD LIMITVAtUE CTIV)

None established.

TOXICITY DATA

This is an experimen2alproduct and has not be specifically:es:ed. Data for
similar alcohol ether _ulfate is given below:

SKiN CONTACT: Acute Dermal LC._, Radon:s: &.5 g/K@.
Skin Irri:ation=Yndex,Rabbi:s: 4.2
(Max. I_ossiblescore is 8.0)

..v_.CONTACT: Eye Irriza:ionin_ex _n Rao_;:_unwasne:: -'6(-'._. hrs. afz.=r
I exposure.)(Max. possiblescore is ".,'O)..::._anen:e'/_. damace

_ occured.
. i

;_HALAT_0N: No _aza availa_ie.

'_,_G:STZ0N: Acute Oral LOS0, Rat: _.5 @/K_

_'_IMll_Ir'l_l_IF_Irl_l_i-_. 9"1_'_,-t_ _'' • • * * • '



|CONDmONSCOn'mBUTINCTOINST^mLrrY I

,_....High temperatures.
i

INCOMPATIBILrrY With strongoxidizingagents, Corrosiveto steel, copper

HAZARDOUSDECOMPOSITION PRODUCTS

None
i

CONDITIONS CONTRIBUTINGTO HAZARDOUSPOLYMERIZATION

._'

Shoulclnot occur•

r "£1iminateall sources of ignition. Evacuatethe area. Contain the spill if
pgssible.

NE_ZJNG CHEMICAJ.S
l

lNotapplicable /.... "

WA.,q'EDISPOSALMET1'-IOL) ""
&

Materialshould be picked up and incinerated'inaccordancewith federal, -'-_o_=_.,
and local regulations_

Mechanicalventilationis rec_mnendedif handlingmaterial in an enclosed space.

SPECIFICPEI:_ONAL PROTECTIVEEQUIPMEPCF

RF.SPIPJkTORY(b?ECIFYINDETAIL): If inhale=ionhazard is encountered,
RIOSH approvedor_anic va_or respiratorsor air-s_:Diied
equipmentdependenton concentration.

EYE: Chemical.ooccies..or ful'-face,shield t: p-:.=-.-..: from sp]._,_h.

GLOVES: •,_,, Rubber or ocher imperviousmater_al :o _vcid r_:e_:_d cr
prolongedskin ::ntac:.

OTHER CLOTHINC AND EqUIPMEnt:
Other im:er'/icusc_ctninc _s nee:ed :_

avoid repeated or prolongedskin ccn:_c:.



• • °

•,., °

IMO HAZARD CLASSAND NUMBER US DOT HAZARD CLASS
Notapplicable Notapplicable

ii i iii i i iml i

UN NUMBER USDOT IDENTIFICATIONNUMBER

Not applicable Not applicable
ii I i

ml i i m -111 m m

.#

o i; i i ii ,i i ,m i i ml --

TRANSPORTATION AND STORAGE .-
I II I II II II I I I

USUAl.SHIPPINGCONTAINERS I:1I:CI'ROb'TATICACCUMULATION HAZARD
I)_ None
Samplecontainers i i i

._fORAGE,"FRAI'_PORTPRgSURE
Ambient i

ii I i , i | i

_'TORACETRANSPORTTEMPERATURE ] LOADING/UNLOADING TEMPERATURE

i_mbient --. Ambient " .
II

" ..... VISCOSrrY AT LOADING/

:... UNLOADING TEMPERATURE Unknokm
] ii i i i ii i

[-IANDEING.;3kND STORAGE'MATERIALS AND COATINGS
°, o,,_oQ . o. ,,. ,w,_,. ,

i°'°1 .......... L.I'NsmurTAB LE i iSUITABLE
ii i i i j i i m i

$_inless steel Steel
.Fiberdr_ Copper
Polyethylenecontainers Nickel •
Polyethylene lined containers

d

i iii imllI

THE ABOVE DATA IS BA.SED ON _ AND I_)_IRIE.NL"E WHICH VI_,'TA BrlllYFj RELIABLEAND ARE SUPPLIED FOR
INFORMATIONAL PURPOSES ONLY. 'VISTA DIS("].AIM5 ANY LIABILITY FOR DAMACE OR INIURY WHICH RF.S/_LT5FROM
.THEUSEOF .THEABOVE DATA AND NOTHING CON"TAINED THEREIN SHALL CONS'TITUTE A GUARAN'T'EE, WARRANTY
(INCLI,JDING WARPJkN'TY OF MERCHANTABILJ'TY') OR RE'PRF.._ENTATION{INCI.UDINC FREEDOM FROM PATEN'r LJAIIIL.

BY VI_k'I'AWITH R_PE'CTTO THE DATA, THE PRODUCT DESCRIBED, OR THEIR USEFOR ANY SPECIFIC PURPOSE, EVEN
IF THAT PURPOSE_ KNOWN TO VISTA.
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"--J-f'r ""_

_RD_'C_SIFICATION!INFOR_TION.. " . "" -" ",,,

IMO HAZARDCLASSAND NUMBER USDOT HAZARD CLASS
Not applicable Not applicable

i

UN NUMBER USDOT IDENTIFICATIONNUMBER

Notapplicable Notapplicable
iii

i n H ,i

• o

i i , ii i i i i ii

TRANSPORTATION AND STORAGE...."
i i i i

USUALSHIPPINGCOINCTAINER5 ELECTROSTATICACCUMULATION'HAZARD
Drums None
Samplecontainers .....

.¢I'ORAG_r'RANSPORTPRF.SSURE
Ambient

i i lJ t llli i i i ill

STORAGETRANSPORTTEMPERATURE LOADING/UNLOADING TEMPERATURE
Ambient '-.. Ambient
i i i i

' "" LC)AD_ "..... ;VISCOSITYAT ING/

:.,.. UNLOADING TEMPERATURE Unknown
i i i i

HANDrING_AND STORAGE MATERIALSAND COATINGS
.. , ..°... ° .. %.., .o, ,w., o

t i • i

.. SUITABLE UNSUITABLE
ii l i:| ii . i i

Stainlesssteel Steel
Fiber drums Copper
Poiye:hylenecon:ainets Nickel •
Polyethylenelined con:_.iners

i iii IIL Iii I ii i

THE ABOVE DATA IS BASED ON T't..crs AND 1L"_CPERIENCEWHICH VISTA BELIEVE3RELIABLEAND ARE SUPPLIED FOR
INFORMATIONAL PURPOSE3 ONLY. VISTA DISCLAIMS ANY LIABILITY FOR DAMAGE OR INIURY WHICH RF..SULT$FROM
THE USE OF TIlE ABOVE DATA AND NOTHING CONTAINED THL_REINSHALL CON.,_TI'L2TEA GUARA_,"i'EE, WARRA,_,'i'Y
(INCLUDING WARRANTY OF MERCHANTA_ILrrY') OR REPRF.SEN'TATION(INCLUDING FREL_DOMFROM PATENT LIABIL-
ITY} 6Y VISTA WITH RESPECTTOTHE DATA, THE PRODUCT DE.SCRIBED,OR THEIR LJSEFORANY SPECIFICPURPOSE. EVE:_.,
IF THAT PURPOSE15KNOWN TO VISTA.
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MATERIAL SAFETY DATA SHEET Page 1 of 7
Revised 7/22/98
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i SURFACTANTS Replaces 4/07/98
_DS ID: 001336 Printed 9/02/98

I _CAL PRODUCT AND COMPANY IDENTIFICATION

Material Name:
TWEEN" 8O

ICI Americas Inc.
P.O. Box 15391

Wilmington, Delaware 19850
_I Operator (24 hr. ) : (302) 887-3000
Medical Emergency (24 hr.): (800) 228-5635, Ext. 181
Chemical Emergency (24 hr.) - Involving Transportation

Spills, Leaks, Fires, or Accidents: (800) 424-9300

2 COMPOSITION/INFORMATION ON ISRGP_IENTS

ingredients CAS Number Percent OSHA PEL
POLYOXYETh'x'LENE (20) SORBITAN 9005-65-6 90 - 100% Not listed.
MONOOLEATE

I

__Talues are not product specifications.

3 HAZARDS IDENTIFICATION

]eneral:
Limited toxicity data are available on this specific product; this health
hazard assessment is based on the results of screening nests.

._mergency Overview:
Appearance: Yellow to amber oily liquid
NO HAZARDS ARE KNOWN TO BE ASSOCIATED WITH EXPOSURES TO THIS PRODUCT.

_outes of exposure: Eye contact; Skin contact; Inhalation

_ptoms of Overexposure (Acute & Chronic):
_ye contact:

No irritation is likely to develop following contact with human eyes.

_kin contact:
No irritation is likely to develop following con;act with human skin.

This product will probably not be absorbed through human skin.

n" _anion:

c _No irritation is expected to be associated with inhalation of this
material.

ICISm'/'actants Tel:(800)822-8215_Cm13" Rer._lator_"Services Fax:(3{32__J_7.9./._4
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MATERIAL SAFETY DATA SHEET Page 2 of 7
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"--7 _C'FANTS Replaces 4/07/98
...._:| ID: 001336 Printed 9/02/98

3 HAZARDS IDENTIFICATION (Cont.)

No toxic effects are known to be associated with inhalation of this
material.

Zngestion:
This material is not likely to cause irritation upon ingestion.

• NO toxic effects are expected following ingestion of this product.

4 FIRST A/DMEASURES

EyeB :
I_.ediately flush with plenty of water for at least 15 minutes. If
redness, itching, or a burning sensation develops, have eyes examined and
treated by medical personnel.

Skin:
Wash material off of the skin with plenty of soap and water. If redness,
itching, or a burning sensation develops, get medical attention.

Ingestion:
DO NOT INDUCE VOMITING. Give one or two glasses of water to drink and
refer to medical personnel or take direction from either a physician or a
poison control center. Never give anything by mouth to an unconscious
person.

Inhalation:
Remove victim to fresh air. If a cough or other respiratory symptoms

develop, consult medical personnel.

5 _iRE FI_TINGMEAsu_

Flashpoint and method: Above 300 F, 148.9 C (C.O.C.)
Autoignition temperature: No data.
Flamm_le limits (LEL/UEL): No data.

Extinguishing media:
Water fog, alcohol foam, carbon dioxide, dry chemical, halogenated
agents.

_'pecial fire-fighting protective equipment:
Self-contained breathing apparatus with full facepiece and protective

clothing.

3nusual fire and explosion hazards:
None known.

-(-_sion data:
%1 sitivity to mechanical impact: Not applicable

_ IC! Surfactant5 _1: (800) 822-8215I_lxlr_[_ 2, Re_ia_- $e_'ices Fax: (302i 887.2454
$ ball_ r '"
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_S Replaces 4/07/98
_L_j I'D: 001336 Printed 9/02/98

5 FIRE FIu_qTINGMEA_uwR_ (Cont.}

Sensitivity to static discharge: Not applicable

6 ACCIDEwI'ALP_7.RASEMEA_u__q

__.efer to Section B for proper personal protective equipment.

.Steps to be taken in case material is released or spilled:
Soak up material with absorbent and shovel into a chemical waste
container.
Wash residue from spill area with water and flush to a sewer serviced by

a permitted wastewater treatment facility.

7 KANDLXNGANDS__

_=orage requirements: 50-90 deg F in original closed container.

_i_autions to take during halldling and storage:
DO not use this product in formulations intended for parenteral
administration unless the final formulation has been tested thoroughly
and is safe for its intended use.

8 KxMO_u_E C_)_OLS/P_ PR_CTION

2_xposure limits:
No ACGIH TLV or OSHA PEL assigned. Minimize exposure in accordance with

good hygiene practice.

__ngineering controls:
Use ventilation adequate to maintain safe levels.

_ye protection:
Safety glasses with side shields.

_--rotective Clothing:

Impervious gloves.

=espiratoryprotection:
Not normally needed if controls are adequate.

e i_ protective ?quipment:
- _Eyewash_ stataon an work area.

ICI Surfactants _]: (800) 822-8215II
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8 _uuvO_uRE COkI"KOLS/PERSONAL PROTECTION (Cont.}

9 PHYSICAL AND _ICAL PROPERTIES

Appearance & odor: Yellow to amber oily liquid
Odor _hreshold:No data

Boiling point: Above 212 F, i00 C
Melting point: No data
Vapor pressure (mm Hg at 20 ° C): <I.0
Vapor density (air = I): Not applicable
Solubilltyin water: Soluble
pH: Neutral
Specific gravity: 1.07
% Volatile by volume: Negligible
:loud point: No data
Viscosity: No data
Partition Coefficient: No data
:oefficient of water/oil distribuUion: No data
Freezing point: No data

i0 _'_'ABI.I,Iu_ _ REA_-_'I"VITY

_tability:
S_able under normal condi=ions.

incompatibility:
Oxidizing agents.

:ondi_ions to avoid:
None known.

_azardous decomposition products:
Combustion products: Carbon dioxide, carbon monoxide.

azardous polymerization:
Will not occur.

11 TOXICOLOGICAL INFORMATION
J

The toxicity data listed below are based on the results of screenin9 tests on
:his specific product.

!e contact: This material was practically nonirritating in rabbit eye
...... irritation studies. No irritation is expected following human

eye contact.

1

IC] Surfac_nts _]: (800) $22-8215
P,_IXIISi_[_IZ e _gula_" $e_'h,es F_: (302J 887-_• _e_e r.em_lm_Ae



" Surfactants
i

MATERIAL SAFETY DATA SHEET Page 5 of 7
Revised 7/22/98

SURFACTANTS Replaces 4107198
,JS ID: 001336 Printed 9/02/98

11 TOXICOLOGICAL INFORMATION (Cont.)

Skin contact: This material was sllgh_ly irritating following a 24-hour
exposure to rabbit skin. This material was nonirritating and
nonsensitizing in human patch tests.

Acute oral toxicity: The oral LDS0 is greater than IS g/kg. This material is
_lai_ifilf as "_elatlvelyha2mles_" by-ingIBti_n.

Carcinogenicity: This material is not listed as a carcinogen by OSHA, IARC,
and NTP.

Reproductive toxicity/Teratogenicity: No available information.

Mutagenicity: No available information.

Other effects of overexposure: Numerous long-term feeding studies have been
conducted on a variety of animal species.

..... Animals have been fed polysorbates at dietary
levels of up to 25%, for periods of up to two
years, and in some cases, over multiple
generations. After reviewin 9 many of these
studies, the FA0/WH0 Co_u,ittee on Food
Additives concluded that polysorbates cause no
tox/cological effects at a level of five
percent in the daily diet of test animals. The
most notable effect observed at higher doses is
diarrhea, an expected, non-specific
physiological effect associated with having
large quantities of a relatively slowly
absorbed material in the gut.

Toxicologically synergistic products: None known.

12 ECOLOGICAL INFORMATION

The ecological information listed below is based on the results of screening
_es_s.

Persistence and degradation: This product is biodegradable in water.

T_ _ity: Not harmful to aquatic organisms.

_ IClSu.,'facta.nts Te]:(800"_822-8215
FlSslzrsi_{:_e Regulatory."Services Fax:(302)887-2454
AI_leG_m._nw
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12 ECOLOGICAL INFORMATION (Con_t.)

,:fleets on effluent treatment: Unlikely to have any significant effects on
effluent treatment.

13 DISPOSAL CONSIDERATIONSill m, i .

isposal method:
Discarded produ_c i_ _ot a hazardous waste under RCRA, 40 CFR 261.

=trainer d/sposal=
Puncture or otherwise destroy empty container before disposal.

14 TRANSPORT INFORMATION
i i

._partment of Transportation:
:ot regulated.

_G (Transporation of Dangerous Goods):
_* _egulated.

i

15 REGULATORY INFORMATION

CA (Toxic Substances Control Act) Regulations, 4D CFR 710:
All ingredients are on the TSCA Chemical Substance Inventory.

L (Canadian Domestic Substances List):
All ingredients are listed on the Canadian DSL.

_A Hazard Communication Standard, 29 CFR 1910.1200, Hazard Summary:

Physical Hazards: None.
Health Hazards: None

_IS Classification:
Noncontrolled (Nonhazardous).

.CLA and SARA Regulations (40 CFR 355, 370, and 372):
s material contains the following chemicals subject to the reporting
_irements of SARA313:

NO SARA 313 CHEMICALS FOR THIS CHEMICAL ****

A 311/312 Hazard Categories:

-_mediate: NO
_.ayed: NO

-- i i i

]CI Su_actants _l: (800) 822-8215
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15 REGULATORY INFORMATION (Cont.}

Fire: NO
Pressure: NO

Reactivity: NO

State Regulations:
California Proposition 65: WARNING. This product can contain chemicals
known to the State of California to cause cancer and birth defects or

other reproductive harm.

16 OT_w_ INFORMATION

We assigned NFPA ratings and HMIS ratings to th/s product based on the
hazards of its ingredient(s). Because the customer is most aware of the

application of the product, he must ensure that the proper personal protective
equipment (PPE) is provided consistent with information contained in the
product MSDS.*

EMZS Information
Health 0

Fla_Lmbiliny I

Reactivity 0

NFPA Xnformanion
Health 0
Flammability 1
Reactivity 0

This information is intended solely for the use of individuals trained in

he particular hazard rating system.

h/s Material Safety Dana Sheet was prepared by ICI SurfacUants' Regulatory

ervices Department.
ate: 09/30/97

The information herein is given in good faith
but no warranty, expressed or implied, is made.

is a Registered Trademark of ICI Americas.
is a Trademark of ICI Americas,

, ]CI Su_actants "_]: (800_822-82]5

_ l_l_{_ e Regulator.Service_ Fax: _.q_2__-_._A_ Gommmm_
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Material Safety Data Sheet M:CIBnO. Mce.;gln 4B674

I
DowCha=_calU.S.A.= Midlsnd, MI 48674 E=ergenoyPhons:517-636-4400

t

Product code: 05802 Page: 1

Product Nasa: DOWFAX(R) 8390 SOLUTIONStJRF/CTANT

Effective Date: 01117/91 Date Printed: 08/31/91 P_9S:001177

.1. INGEEDIENT$:(S w/w, unless =the_se noted)

Hisodlun hexadecyldiphenyioxide
dlsulfonate, end CAS# O651_3-89-7

glsodiu_ dihexadecyldiphenyloxide
d|sulfonate CAS# 070191-76-3 &Ot ezx.

Water CAS# O07732-18-5 S=ianc=
Sodium sulfate CAS# 007757-82-6 3t Max.
Sodium chloride CAS# O076_7-1_-5 }t Max.
Methylene chloride CAS# 000075-09-2 2t ,_x.

This document is prepared pursuant to the OSHA Hazard
Cowanunication Standard (29 CFR 1910.1200). tn addition, other
substances not 'Hazardous' per this OSHA$tandar¢ may be listed.
Where proprietary ingredient shows, the identity may be made
available as provide= in this stan=ard.

,_'2. PHYSICAI.DATA:

BOILING POIk'T= 1OOC, 212F
VAP PRESS: 82.7 mmHg@ 2OC, 68F
VAP DENSITY: No data avaiiable.
SOL. IN WATER: Completely miscible.
SP. GRAVITY: 1.138 @ 25C
APPEARANCE: Light brown liquid (aqueous solution).
ODOR: Disinfectant-type.

3. FIRE ANDEXPLOSIONHAZARDDATA:

FLASH POINT: Flame extinguished; none to be;ling.
METHODUSED: Closed cup; open cup.

FLA_ABLE LIRITS
LFL: Not applicable.
UFL¢ Not applicable.

EXTiNGUiSHING REDIA: The organic portion may burn once the water
ts evaporated. In such case. use water for extinguishing media.

FIRE $ EXPLOSION HAZARDS: None known.

(Continued on page 2 , over)

.....IR) indicates a Trade.mark of The Dew Chem;cat Company
• An Operating Unit of The Dew Chemical Company



DowCheeical U.S.A.* Midland, MI 48674 EemrgencyPhone:517-636-4400

Product code: 05802 Page: 2

ProductN._: IRWF_ (R) 83gOSOLUTIONSURF/ETART

I Effective Date: 0]/17/91 Date Printed: 08/31/91 _SDS:OOl177

3. FZiCEANDEXPLOSZONHAZARDDATA: (C0JCTINU_)

FIRE-FiGHTING EQUIPMENT: Wear positive-pressure, self-contalned
breathing apparatus.

4. IT_.J_CI"IVZ_DATA:

STABILITY: (CONDITIONS TO AVOID) Stable at ambient teJnperstures.

|N:OMPATIBILITYz (SPECIFIC RATERIALS TO AVOID) Acids.

HAZARDOUS DECORPOSITION PRODUCTS= Sulfur dioxide.

HAZARDOUSPOLYRERIZATION: Will not o¢=ur.

5. F.I_VI_NI_D(TAL_ DISP_ INFOPJ_ATION:

Ab'TION TO TAKE FOR SPILLS/LEAKS: Soak up with suitable absorbent.
Avoid release into natural waters or public water supply.

DISPOSAL RETHOD: Dispose of according to local, state, and
federal regulations. Incineration is preferred.

6. If./_TH HAZARDDATA:

i_ EYE: Ray cause moderate irritation with corneal injury. Dusts
may irritate eyes. In animals, irritation end corneal injury
healed within 1_ days.

SKIN COITTACT= Prolonged or repeated exposure may cause skin
irritation. Animal tests indicate some potential for al|ergic
skin reaction to undiluted or higher concentrations but not to
lower concentrations representing exaggerated use conditions.
No allergic skin reactions were noted in humans expose¢ to •
gtructurllly-reiatP-_ surfactant at concentrations representing
exaggerated conditions.

SKIN ABSORPTION: A single prolonged =kln ex=o$ure is not likely
to result in the material being absorbed through skin in hat=ruT
amounts. The dermal LDSO in rats is >2000 ms/ks.

INGESTION: Single dose oral toxicity is low. The oral LDSO for
male and fomale rats is >5000 mg/kg. Small amounts swaliowe¢
/ncldential to normal handling operations are not likely to
cause injury; swallowing =mounts larger than thai may cause
injury.

(Eontinued on page ])
(R) Indicates a Trademark of The Dow Chemical company

An Operating Unit of The Dow Chemical Company



.DewChe_icel U.S.A.* Midland, MI 48674 Eee_jencyPhone:517-636-4400

Product code: 05B02 Page: 3

• Product Na_e: D_FAX (R) 83g0SOLUTIONSURFACTANT

i_ Effective Data: 01/17/91 Date Printed: 0B/)1/91 _SDS:O01177

6. HF._THHAZARDDATA: (_NTIHU_)

INHALATION: Excessive exposure may cause irritation to upper
respiratory tract. Contains methylene chloride, I chemical
which has anesthetic propertles when encountered in high
concentrations. Methylene chloride alSO causes carboxyhemo-
glo_ine_ia, a condition which impairs the blood's ability ¢o
t_anspor¢ oxygen.

SYSTERIC & OTHER EFFECTS: Excessive exposure may cause liver and
kidney effects. Did not cause cancer in long-term animal
studies (product similar to active ingredients). This mixture
contains methylene chloride which is listed as a potential
carcinogen for hazard communication purposes under OSHA
Standard 29 CFR 19i0.1200 by IARC and NTP. _ethylene chloride
has bean lhce_n to increase the rate of spontaneously occurring
malignant tumors in the BGC3FI mouse an¢ benign tumors in
laboratory rats. Other animal studies, as well as several human
epidemioiogy studies, failed to show a tumorlgenic response.
_ethylene chloride is not believed to pose a measurable
carcinogenic risk to man when handled as recommended. _ethyiene
chloride does not cause birth defects and does not interfere
with reproduction, judging from anrma! studies; however, it has
been shown to cause some toxicity to the fetus but only at
doses which caused toxic effects to the mother. Results of in
vitro ('test tube') mutagenicity tests have been negative. (act-
ive Ingredients) Has been shown to have mutageni¢ activity in
bacteria (methylene chloride). Negative or equivocal results
have been obtained in mutagenicity tests of methylene chloride
using mammalian cells or animals.

7. FIRSTAID:

EYES: Irrigate with flowing water immediately and continuously
for 1_ minutes. Consult medical personnel.

SKIN: Wash off in flowing water or shower.

INGESTION: Induce vomiting if large amounts are ingested.
Consult medlciai personnel.

INHALATION: Remove to fresh air if effects occur. Consult
a physician.

NOTE TO PHYSICIAN: No specific antidote. Supportive care.
Treatment based on judgment of the physician in response
to reactions of the patient. If burn is present, treat as any

(Continued on page _ , over)
_(R) Indicates a Trademark of The Oow Chemical Company

_ _ * An Operating Unit of The Dew Che_nical Company



DewChemicalU.S.A.* Midland, MI 48574 E=e_gencyPhone:517-£_6-4400

Product code: 05802. Page:

P_oductNam: DD_AX(R) 8390 SOLUTION_RFACTAHT

Effective Date: 01/17/91 Date Printed: 08131/91 MeDS:O01177

7. FIRSTAID: (_NTII_II[I))

thermal burn, after decontamination.

8. HANDLINGPRECAUTION3:

EXPOSUREGUIDELINE(S): None establlshad for active ingredient.
ACGIH TLV is 50 pWn for mothy|erie _hl_de. OeHA_L is JOb
ppm TWA, ]000 ceiling, 2000 peak for methylene chloride.

. VENTILATION: Lethal concentrations may exist in areas with poor
venLi|ation.

RESPIRATORY PROTECTION: For moat conditions, no respiratory pro-
tection should be needed; however, in misty a&omspheres, use an
approved mist respirator.

P

SKIN PROTECTION: For brief contact, no precautions other than
clean body-covering clothing shoul_ be needed. When prolonged
or frequen_|y repeate_ contact could occur, use protective
clothing impervious to this mater|ai. Selection of specific
II_s su=h as gloves, boots, apron or full-body suit will depend
on operation.

,,,i,_l, EYE PROTECTION: Chemical workers goggles.

/

9. AODITIOt_LINFOPJ4ATII_:

SPECIAL PRECAUTIONSTO BE TAKEN IN HANDLING AND STORAGE: Avoid
eye contact. Avoid breathing mists if generated. Avoid
trapping ma_erial under clothing.

P_DS STATUS: Revised sections 6-B.

For information regarding state/provincial and federal regulations see
The Regulatory Information Section.

(" I_.I(R) Indicates a trade_ark of The Dow Chemica] Company

• * An Operating Unit of The Dow Chemica] Company



o .Dow ChemicalU.S.A.* Hidland, MZ48874 EmergencyPhone:517-635-4400

Product code: 05802 Page: R-I

Product Naae: DOitFAX(R) 8390SOLUTIONSURFACTANT

_-_ Effective gate: 01/17/91 Date Printed: O8/31/91 MSDS:OOl;77

ILEGULATORYINFORMATION:)(Not meantt_ be all-]nclus]ve--=electadregulations represented.

NOTICE: The information hereln is presented in good faith and beiieved
to be accurate as of the effective date shmvn above. However, no
warranty, express or implied, is given. Regulatory re_uirP.ments are
subject to change and may differ from one location to another: it ts
the buyer'4 responsibility to ensure ¢hi1 ii:1; _tlvltltJ Comply w|th
federal, state or provincial, and local laws, The following specific
information is made for the purpose of complying wlth numerous federal,
state or provincial, and total laws and regulations. See RSD Sheet for
health end safety informal;on.

U.S. _GULATIONS

SARA 313 INFORMATION: This product contains the following substances
subject to the reporting requirements of Section 313 of Title II! of
the Superfund Amendments anO Reauthorization Act of 1986 end kO CFR
Part 372:

CHEMICAL NAME CAS NUMBER CONCENTRATION

DICHLOROMETHANE (METHYLENECHLORIDE) OOO075-O9-2 <2 t

SARA HAZARD CATEGORY: This product has been reviewed according to the
EPA "Hazard ¢ategories" promulgated under Sections 311 and 312 of the
Superfund Amendment and Reauthorization Act of 1986 (SARATitle Ill) and
is considered, under applicable definitions, to meet the following
categories:

An immediate health hazard
A delayed health hazard
Hazard categories ere listed solely to assist with federal reporting
under Title III. They are not intended and are not appropriate for
evaluating safe product hand]_ng an_ uze. T¢ review, health and safety
information, refer to the body of this material safety data sheet.

CANADIAN REGULATIONS

The Workplace Hazardous Materials Information SysteJe (W.H._.I.S.)
Classification for this product is:

Die
O2A
OZS

(Continued on page R-2 , over)
(R) Indicates a TraOetnark of The Dow Chemical Corepany

* An Operating Unit of The Dow Che=ical Company



DowChe_icel U.S.A.* _dlend, HI 48674 EeergencyPhone:517-636-4400

Product code: 05802 Page: R-2

Product Nme: DOt_FAX(R) 8390 $0LLITIONSURFACTAHT

i_J' Effective Oats: O1/17/91 Date Printed: O8/31/91 tLSD$:OO1177

REGULATORYINFORI(ATIOI((COETINLIED)

me

The Transportation of Dangerous Goods Act rF.D.G.A.) ¢lasslf|cation for
thls product is:

Not reguSa_ed

(R) Indlcates a Trade=ark of The Dow Chemical _ompany
The Information Herein Is Given In Good Faith, But No Warranty,

_ [xpress Or Implied, Is Made. _onsult The Dow Che_nical _ompany' For Further Information.

* An Operating Unlt of The Dow Chemical Company
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+CYTEC ,.,+,+:°°+3++++++ CAS No: 002373-38-8Dale: 07/Dl/97
MATERIAL SAFETY DATA Supersedes:m12Bm

I

1. CHEMICALPRODUCTAND COMPANYIDENTIFICATION
PRODUCTNAME: AEROSOL®MA 80°,_Surfactant
SYNONYMS: Sodiumdihexyl sulfosuccinatein mixtureofethano_and water i i

CHEMICAL FAMILY: Ester

MOLECULARFORMULA: C16H2gO7Na.S (ac_e Ingredient)

MOLECULAR WGT: 388; (Activeingredient) i ii II i i i i i

CYTEC INDUSTRIES INC., FIVE GARRET MOUNTAIN PLAZA,WEST PATERSON, NEW JERSEY 07424,
USA
ForProductInfonrmtioncall 1-800/652.B013. Outsidethe USA and Canada ca, 973/357-319'3.
EMERGENCY PHONE: For emergency Involvingspill,leak, fire,exposure or accident calfCHEMTREC:
1.800/424-9300. Outside the USA and Canada ceil703/527.3887

II

2. COMPOSITION/INFORMATIONON INGREDIENTS
OSHA REGULATED COMPONENTS

COMPONENT CAS. NO. % TWA/CEIUNG REFERENCE
Socfumall(1,3-di- 002373-38.8 -78-80 not established
methylbutyl)sulo.
succ_ate

! MethylIs=butyl 000108.11-2 <1.0 25 ppm(.skin) OSHAJACGIH
+_ mrbmoi 40 ppmSTEL

Ethanol 000064.17-5 -5.0 10(30ppm OSH/VACGIH

3. HAZARDSIDENTIFICATION
EMERGENCY OVERVIEW

APPEARANCE AND ODOR: Clear,v_cous liquid;pJeasant,fruityodor

STATEMENTSOF HAZARD:
WARNING! FLAMMABLE LIQUID AND VAPOR

CAUSES EYE AND SKIN IRRITATION

CHRONIC HAZARD WARNING:
REPRODUCTIVE HAZARD. CONTAINSETHANOL WHICH MAY CAUSE
BIRTH DEFECTS OR OTHER ADVERSE EFFECTS ON PREGNANCY.
RL,_kof effectsdepends on dura_n andlevel of exposure.

...

POTENTIAL HEALTH EFFECTS

EFFECTS OF oVEREXPOSURE:
/Cute oral (tit) and acute Oermal(mbblt_LOS0valuesare &oprox_mataly1.75 g/kg and 5.0 g/kg,
respectively.Marked eye andsl0n irril_on were producedduringprimary+rrfta_onstudiesw_ rabbits Tim
4.hour Inhalation LCS0 Is greater than20 mg/L.
I_rectcontact wlth thismaterialmay'cause moderate eye andskin=rr_t_on.
Referto Section 11 for toxicologyinformationon the OSHA regulatedcomponentsof thisproduct

( / 4. FIRSTAID MEASURES
Incase ofsktncontact,remove contaminatedclothingwtthou_delay. Flushskin thorough.tywnhwater. Do not
reuse clothingwithoutiiuJndenng.



•..... _-_,_,..uu=1._j.uu TO: 3649726 23 OCt 199B 10:21AH

AEROSOL®MAB0_=SurlacURnt MSDS No:0043 Date: 07/01/97 Page 2 of 6

...... incase o_eye contact, ;mmediatoty=rngatewith plentyo! waterfor 15 minutes.Obta=nmedicalattentiontt
trrilal_onpersists.
Material is not expected Io beharmfulIf Inhaled. If Inhaled,removeto freshair.

i I

6. FIRE FIGHTING MEASURES
FLAMMABLE PROPERTIES

FLASH POINT: 97 F; 36 G
METHOD: Pensky.MaslensClosed Cup
FLAMMABLE UMITS
(% BY VOL): Notavailable
AUTOIGNITION TEMP: Notava_ble

DEGOMPOSn'iON TEMP: Notavailable
||l

EXTINGUISHING MEDIA AND RRE FIGHTING INSTRUCTIONS

Use water spray,alcoholteam, mrbon dioxideordry chemicalto extinguishlares,Water stream may be
Ineffecth,o. Use water to keepcontainers=ool.Wear selLcontainedposf_vepressure breathingapparatus
and fullflmfQhttngprotectivecJothing.See Section B (ExposureControls/Persona.!Protection)tor special
prolectiveclothing.

I ,p

6. ACCIDENTALRELEASEMEASURES
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED

Remove sautes d Ignluon.
Whom exposure level Isno!known,wear NIOSH approved,posttrvepressure,self-containedrespirator.Where

......... exposure leyel Is known,.wearNIOSH approvedrespiratorsuitabletor levelof exposure.In add=t_onto the
protectiveclothing/eClUlpmentInSection 8 (Exposure Controls/PersonaJProtect/on),w_ar =mperv=ousboots.
Cover=pi_ with &omeirortabsorbentmaterial; weep upand place Ina waste disposalcon_ner. Rush area
with wamr.

7. HANDLINGAND STORAGE

Kotq:Jaway from heat, =perks,and flame. Avoid con== wttheyes, skin,and do/Jling.,'(Bepcontainerclosed,
Usa withadequate ventilation.Washthoroughlyafter handling.
Areas oontafnlngthism_terlalshouldhave fire.safe pmctJcmsand elec_,_l equ_nent ina_n_ance with
Elec(rioaland Fire Protectioncodes(NFPA.30) governingClass I Fiamrrad_leLCluCls.

I I

8. EXPOSURECONTROLS/PERSONALPROTECTION
ENGINEERING CONTROLS AND PERSONAL PROTECTIVE EOUIPMENT (I=PE)

Where thisme=hal = not umd m n cbsod system,good enclosurennd localred'Bustvent_ations_ould be
Ixovldedto control exposure.Food,beverages,anti tobe___,productsshouldnot be earned,stored,or
¢on_med where th_ n'Llter_ = In use. Before eal/ng, drinking,orstnok_ng,wash face and handswithscrap
and water.'Avoidtd(incont=.'t. Protect_,eclothingsuch as imperviousgloves,apron, workpan_, longdeeve
workshirt,or d=pombJe =overals are recommended to preventmkJncontecl. Foroperationswhere eye or face
contact mn occur,wear eye protect|onsuch as chemicalsplashproofgogglesor ta=e shield.Eyewash
equipmentK¢I safety =howerahoukt be provi:k_dr_areas of potential exposure.W,_re exposuresare below
the PermissibleExposureUmitPEt.), no respiratoryprotectionIs re._uired,Where exposuresexceed the PEL.
use respiratorepproved by NIOSH forthe ma=tert_land level ofexposure.See "GUIDE TO INDUSTRIAL
RESPIRATORY PROTECTION" (NIOSH), Since thismaterialcontsJnsa componeP.twith a sktnnotation_v;th_

.... _ PEL as shownin the regulatedcomponentssect/on, additionalskinprotecbonsuchas a protectivesuitma_'be
_" required.
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Showerafter completionofworksht_l.Launderworkclothingat end ot workshiftpr©rto muse. Store street
clothingseparatelytromworkclothingand protectiveaqulpmenl. Work cloth,ngand shoesmust not be taken

..... home. II

g. PHYSICAL AND CHEMICAL PROPERTIES

APPEARANCE AND ODOR: Clear, viscouslicluld;pleasant,fruityodor

BOIUNG POINT: 173 F; 78 C: (valuefor ethanol/water)
MELTING POINT: Not available

VAPOR PRESSURE:' Notavailable

SPECIFIC GRAVITY: 1.13

VAPOR DENSITY: Notava.ltable

VOLATILE (BY W'T): 20

pH:. Notavailable
SATURATION IN AIR (% BY VOL): Not available

EVAPORATION RATE: Not available

SOLUBILITY IN WATER: Complete

10. STABILITY AND REACTIVITY

STABIUTY: Stable
CONDITIONS TO AVOID: None known

POLYMERIZATION: Will Not Occur
CONDITIONS TO AVOID: None known

_.i_ INCOMPATIBLEMATERIALS: Strongacidsand aJkahespromotedegradation byhydrolysis;strongoxidizing
agents.
HAZARDOUS DECOMPOSITION PRODUCTS: Thermaldecomposit,onorcombustionmayproducecarbon
monoxide,carbondioxideand/oroxides of sulfur

'11. TOXICOLOGICAL INFORMATION

Toxicologicaltn_om'atlonfor the productIs foundunder Section 3. HAZARDS IDENTIFICATION.Toxicological
Informationon the OSHA regulatedcomponentsof thisproductis as follows:

Sodiumdl(1,3-dimethylbutyl)sulfosuccinatehas =cute oral (rat)and dermal (rabbit)LOS0valuesof greater than
1750 mg/kgand 5 mVkg.respectively.Directcontactwiththismaterial may causemoderatetosevere eye and
skin _rltation.This malarialIs not expected to cause allergicskin reactionbasedtestsmg=nea pigs.

Methyll=o_tyi ¢arbinolhas lmuteoral (rat) and dermal(rabbit)LOS0values of 2.6 Q/kgand3.6 g/kg,
respectwely.Methyl tsobutylcarb_ol has an =mute4-hourtnhalatmnLC50 (rat) >2000 ppm (8.34 rag/L).Acute
overexposureto methyl t_obutyl¢arblnolvaporcauses mucousmembrane imtationandsevereeye irritation.
Dlr_ contact withmethyl L_butyl¢=J'binclcauses mildskinirritation.
Ethanolhas =cuteoral (rat)and dermal(rabbit)LOS0values of 7060 mg/kg and 20,000 mg!kg, respectrve_,,.TP'e
10.hour ltt"mlaltonLC50 for ethanolIn rats ts20000 ppm (94.05 mg/L/4hr). Ethanotisa pclen! teretogen
associatedwith abnormalfetal tormation, growthret_dat_on,neuroiog,caldamage, and =ehavior=laherat=Dns
in childrenwithfetal aJcoholsyndrome.In a dominantlethalassay,male mice 1matedwilhethanolover a three
day penod showedsignificantdecrease _ average _ter size along withincreasedincidenceof dead implants

12. ECOLOGICAL INFORMATION
LCS0

( i R!UEGILL, 96HOUR: > 1000 mgIL
_. "_,3J w---

TROUT 96 HOUR: 1200 m0/L
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j BOD

'_ 28 Day: 16.7 %

OCTANOI.JH20 PARTITIONCOER: Not available
I I Iml I• in lUll I II

13. DISPOSAL CONSIDERATIONS

The thformationon RCRAwaste ciassJficationanddisposaJmethodologyprovidedbelowappliesonly to the
Cytec product,as supplied.If themateria!has beenaltered orconlarninal_d,or Hhas exooeded
mcommendK! shelf life, the guide.acemay be tr,applicabk=.Hazardouswaste cla_slf=ationunderfeder=d
mguk_tJons(40CFR Par1261et seq) Is dependentuponwhethera mater=t Is a RCRA"tieredhazardouswaste"
or has any of the four RCRA "hazardouswaste ¢haractarlstlcs."Refer to 40 CFR Part 261.33 8odetermineZfa
gk,en material to be disposedof Is a RCRA "l_ted hazardouswa._te';Informa_oncontainedin Section 15 of thLs
MSDS is not Intendedto IndCatedIf theproduct tsa "IL_tedhazardouswaste." RCRA HazardousW"a_e
ChamP.Jet,tic Them ate fourcharacteristic=defined In40 CFR Se_on 281.21 -81.24: Ignit=billly,Corrosivlty.
ReactMty, and "i'oxlclty.1"odetermineIgnltabtl_, r,_e Sec_n 5 of _s MSDS (flashpotnl).For C,orrosiv_, see
SectJorls0 a,'¢114 (pHInd DOT corrosNlly).For ReactNlly,see Section 10 0ncompatlblemater=Is). For
Toxicity,see Section 2 (composition),Federal mgula_onsare subject t= change. State and local requirements,
which mw dtfferfrom or be morestTingentthen the federal regulations,may al_o apply to the dasslftcationof
1hematerial It i_IS1obe disposed.Cylecencouragesthe recycle,m¢overy and muse of mater_a_,where
permitted,as art alternateto disposalas a wlsle. Cytec recommendsthatorganic materialstie,lied as RCRA
hazardous wastes be d=posed of by therm=dtreatmentortn=nerationat EPA approvedfaclJllies.Cylec has
providedtheforegotngtor Informationonly;='repersongeneralmg_ wa._teis respor_ble for ¢letermlntngt_e
wa_e H"_¢t1¢ationar_ disposalmethod.

I IIIIII I II I I II II in I II I in

j14.TRANSPORT TtUs_ctson providesbasic shipping_Ification lnlormatlon.Refer to appropriate
"L*_,,_* INFORMATION varoo=tionregulationsforspecificreclulmments.

D.O.'r. IMO
SHIPPING INFORMATION SHIPPING INFORMAllON

SHIPPING FLAMMABLEUQUID, N.O.$. FLAMMABLE LIQUID, N.O.S.
NAME:

HAZARD CLASS/ 3 3.3
PACKING I1! III
GROUP:

UN NUMBER: UN1993 1993

IMDG PAGE: NotApp_cabie 33_15

D.O.T. _,_o_J__i_Powr_sLEo_m'n'_ NotAppii_b_e
HAZARDOUS Not App_ceble
SUBSTANCES:

I"RANSPORT FlammableLiquid ReturnableLiquid
LABEL
REQUIRED:

ICAO/IATA TRANSPORT CANADA
SHIPPING FLAMMABLELIqUiD, N.O.S FLAMMABLELICLtlD. N@S.
NAME:

HAZARDCLASS:3 3 • o

SUBSIDIARY .,.-

l CLASS: ..................
"' '_ _ UN / ID 1_3 19_3

NUMBER:



AEROSOL®MADO%$ur_otant MSDS No:0043 Date: 07101197 Page 5 of6

PACKING III III
GROUP:

_l_. TRANSPORT F_mmable LKtuld Riu'nmableLiquid
LABEL
REQUIRED:

J

PACKING INSTIl: P_s_oEq 309 No! Applir.,mbie
=A_o 310

MAX NET QTY, p_SEmSM 60L NotApplicable
o,,,_Go220L

i.i ii.

ADDITIONAL TRM_SPORT INFORMATION

TECHNICAL (Contains ethanol)
NAME |N.O.S.):

II II ii i I i i I i i im i i I

15. REGULATORYINFORMATION
INVENTORY INFORMATION

US T$CA: This producttsmanufacturedin compliancawith all provisionsof the ToxicSubstances
Con_'olAct, 15 U.S.C. 2601 at. =eq.

cANADA DSL: Componentsof thisproducthavebeen reportedto EnvironmentCanada inaccordance
with $ubsectJon25 of _e Canadian Environmenta;ProtectionAct andare inctuded,on the
Domest= SubstanoBsLint.

15ECEIf_ECS: Allcomponents'ofthisproductare inctuded_ the EuropeanInventoryof Existing
Che_caJ Substances(EINEC$) In compliancewith Counc] DJrectk,e 67/MB/EEC and its
amendments(

i i

OTHER The lo,owing componentsof thisprocluctmay be sub)actto repo_ng requiremen_
ENVIRONMENTAL pursuan!to Section 313 of CERCLA (4D CFR 372), Section12(b)of TSCA, or;may
INFORMATION be subjectto release reportingrequirements(40 CFR 307, 40 CFR 311, etc.) See

Section13 for informationonwaste classificationand waste disposalof this procluct.

COMPONENT CAS. NO. % l"PO(lbs) RO(lbs) S313 TSCA 12B
i iJiij

productdoes
not containany
components r_ulated
underthese s_otmtx'ks
of the EPA

f PRODUCT CLASSIFICATION UNDER SECTION 311 OF SARAACUTE (Y) CHRoNIC..(Y) FIRE (y).. REACTIVE (N) PRESSURE (N)
II II III I I I I I I I

1S.OTHER INFORMATION
NFPA HAZARD RATING (National Fire Protection Association)

Fire FIRE: Liquidsand solidsthat can be ignitedunderalmostall arabian1temperature
3 condltmons.

Health 2 0 ReactMty HEALTH: Materialswhichon intense or continuedexposurecou_ cause Temporary
.._ _capat=tafionor possible residualinjury unJe= promptmedical treatmentis given

Specml REACTIVFPf; Materials whichin themselves are normalb"st,_ble,even under hre

i exposure condstJons,and whicham not mactrvew_thwater.
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REASON FOR ISSUE:' _ Area Code Change

/

lil ii k i im.i ill_ " Larry R Johnson. DVM, PhD, DABT
. I I IIIII III I I

I I II I I

rhtsmformaonB givenwithoutamywaur4u_tyorrepr_ont=_n.Wedono(assumeImp'iegldmSlDOnS_t_'Jotsa.,'ne,norcl_>we
give psrrnission, irl¢lu¢emenl, or rllcornmllnd_l_cn to prllc_Ce=ny tl_tsmod inverrtlOn wi_hou! a Jc=nse. II is offered so/ely for your

oonsJOera_o/1,jm41_i_tbon and vim_ftcstK)n,,Before using ,anyprociuct,road its Ildpel.i • ill I I II
I I I



I_lEItlAL SAFETYDATASHEET

10110/9B PAGE: 1
_U_T HUMERI 123117 PRC]OUCTlimE= STEQLCS-3.3O

stm t _ mwOmtl;/klt/rnkQ/t/If tit tWQ_/rm/hk J/VseLe_O_Ot tmQ_ot_mQw_t_tot IQmmQ _ _ mm t_O_o_ t

t t t _lIL_tmO_m_IOOOQO_tQ_t_OOIQO_ta_OQmeOQ_iotD_OOOOtletoQR_O tO_Qt •
I

STEPANCOHPANT EHERGENCTINFORMAIION *
NORliiFIELD, IL. 60093 N£DICAL: 1-800-220-5635 *
(647') 4_,6-7500 CNE_IRE¢: 1-800-&2_,-9300 *

db

k t t tw lit itt frill tl_t tllttfltttffflt t_lll_ll_lttfltfltOtfltt_t Wit t _t it t t t O ttt Oft

t t t t LtllbttlltLIIttlllt 411tlllll4ktttlttttflllttfftttt tttt_t t tttttt t t t t tttlttllt t tb

SEE|iON I: GENERALINFORNATION *

'RODUCTBUHBER: 12311F PRODUCTNNq_: STEQLCS-330
PRi]XJCTCLASS: ALCOHOLETHGXTSULFATE
PRECAUTIONS:CAUSESIRRIIATION.
REFERTO BILL OF LADINGOR CON|AINERLABELFORDOTOR OTIIER
TRANSPORTAIIONIIAZARDCLASSIFICATION. IF NiT.

SECTIONI I : RAZARI)OUSINGREDIENTS *

INGREDIENT(£A$ #) OSIIAPEL ACGiHTLV OTHER
(PP;I) (FP_)

NO INGREDIENTSIDENTIFIED BY OSHAAS HAZARDOUSAREKNQklMTO BE PRESENT,
OR THE INGREDIENTSPRESENT_ BELOULEVELSSPECIFIED AS HAZARDOUSBT OStik
(29 [:Fit 1910.1200).

HE = NOT ESTABLISHED.
NL = NOTLISTED.

(C) = IDENTIFIED AS A CARCINOGENBY OSNA. IARC, OR NIP.

rI llltlll lfllltlllkHlll_rllllllfllllll_lHlttltllt_ltltillH_lillllltllllltllllll III

SECTION 111: PHYSICAL/CHEMICALpATA *
tlllllllfltlflfllllllllllititllllilffllllllllltttmltltllttllletlllttflll tllttt It

BOILING POINT;
(COBTINIJ_)

i



HATERIALSAFELYDATASHEET

[E: 10110/98 PAGE: 2
PRODUCTNUMBER: 1_,3117 pRODUCTIIAHE: STEI_. CS-$50

OVER212 DEG F. (11)0 DEGC.).
Z VOLATILEBY I_IGHT3

_X
£VA/_RAT|Oil RATE: ESTINATEDSLOb/Ell|liNt ETHYLETHEli.

VAPORDENSITY: ESTIMAFEDLIGIITEII IlIAli All.
VAPORPRESSURE(Mll BG):

ROTDETERHliiEDOR IND(MOI41.
WEIGHTPIERGALLON:

8.6 LRS.

mt _t Wllwld_letQl_lktttlk_t _Lt_tlkt tOt_ttt_Q_t_ tit t _tt _OQQt wt_/_t

SECTiOll IV: FIRE ANDEXPLOSlOilDATA •
tit RWt Wdmt_i& -_,_ :- ---il t *l*lili_lll_t ettiitli_i_elmimtioliltflit ieoi.R ai t t

FLASHPOINT: NOTAPPL|CJUILE(IMTEB SOLUT_OII).
EXPLOSIVELIMITS:

LOUER:HOTAPPLICABLE. UPPIER-"NOTAPPLICABLE,
EXTINGUISHINGHEOIA: HOBFLAJB4kBLE,MATF_ilSOLUTION
SPECIAL FIRE FIGHTING PliOGEDURESzSELF-CQIITAIREDPOSITIVE PRESSURE

BREATHINGAPPARATUSANDPROTECTIVE
CLQTRIMGSHOULDBE MORNIN FIGHI-
IHG FIRES INVOLVINGCHENICALS.

UilUSUALFIRE AND EXPLOSIgllNAZAItD$:MOREI(llOidll.

_ilkVklV_ttVktt_JSOnkt;_dmlkO_Rt t Ik_Q_QO_tQt_IQI_Q_Ot_Q_OllIt lm _

5ECTIOB V: REACTIVITY DATA

STABILITY: STABLE
HAZARDOUSPOLYHIERIZATIONzMILL NOTOC_
IHCI)MPATABILi|V (HATElUALSTO AVOID):

STROltGOXIDIZING AGENTS
SFROBGACID.

_OUS DECOHPOSITiOMPRODUCTS;
SULFURDIOXIDE ANDIiYDBOGEMSULFIDE.

SECTIOBVl: HEALTHHAZARDDATA *
lit tt tttltltttllttttttlttl_lttllltttti_t_ttlttl_|#_ttlltttlt_lt_tt)_tt _lil_llfffft ltlfltlllflffill

EFFECTSOF GVEREXPOSUREIEHERGEI(CYAl_ F_liST AID PitOCEDU_S

(COMTINIJED)

I

%,,,.+



HATEItlALSAFETYBATA SHEET

011019B PAGE: 3
ouc! NUMBER: 123117 PRODUCTNAME;STEOLCS-3)0

EYES; CONTACTU|TH EYES IS PAINFUl. ANDIRRITATING.
FLUSHEVESIIR4EDI&TELTWITH PLENT_QF MAII'ERfOR AT LEAST
1S Ill IAJIES.

SKIN-" pROLONGEDOR REPEALEDC_IITACTWiI_I SKiN T.AUSESIlIRIIATION.
UASHOFF SKIN NIl11 I_IER. RENOVEICDNTANiNATEDCLQTilINGAND
CLEAN BEFORE AEU.T_.

IHHALATIOH: HIS[ CAUSEDIV NAMJFACilURINGOIbERAIIONSIRRITATES
NASALPASSAGES.
IF VAPOR OR HIS/ CAUSEIRRITATION ORDISIRESS,
REMOVETO FRESH AIR.
GIVE OXYGENOil APPLYJUITIFICIAL IESPINATIONo
If NEEDED.

INGESIION: IF SIdALLI)IdEDeI::QNSULTA PRTFi£1AN IIIIIEDIATELY.

CRRONICEFFE(;|S ANDHEDICJd.CONDITIONSAGGUVAYEDBY QVlER£XPOSURE:
£HRONICEFFECTSANDMEDICALCOIIDIIIONS AGGRAVATEDBY OVER"
EXPOSURETO THIS PRGDUC|HAVEHOTBEERESTABLISHED,
UNNECESSARYEXPOS_E TO ][HIS PRODUCTQBANYC_EHICALS#OULD
8E AVOIDED.

IF ANYSYNPIOHSPERSIST, CONSULTA PHYSICIAN.
CARCINOGEN;THIS PRQDLK;|IS NOTCA)iISIOJEREDA CARCINOGENBY QSHA, NIP,

OR IANC.
/HRESHOLDLINIT VALUE:

NQTE: THIS PR4)DUCTNAy CONTAIN|,/_'DIOXARE AS A BY'PRQDUCT,
IdlllCH CANRE ABSORBEDBY INHALA|ION ANDTHROUGHY#E SKIN. PLEASE
RE ADVISEDTIIA1 1,4-DIOXANE IS A CANCiER-,'_LISPECTAGENTANDCAN
CAUSELIVER ANDKIDNEY INJUNlfNIIN Oq4EN'EXPOSURE.

Ikitt llVltltlktilliIQllllitiettlt I_lHitlkt t QO t I _t O t _t t Q _t O Qa Re t I 1 It It

FORAGI)ITIONAL NEDICAL INFORHAIIGN_CALL 1-61)Q-226-5635
dlltt vtttttlil tlllttlllllllllll_lit eilewwlkee _ _ _t Q_ _Dt oi_ t t t • _Rm I t

;llltl_lil_lillllitlti_il/_ill_l_lllllliilllllitll il_l II III

SECllOtl VII: SPILL. LfAK, ANDDISPOSALPROCEDURES *
rttlt _ilHflfl_Itttt flttltfltltttltltlt_ttOt_Ofl_fftttltttt tt Jttttttllt

CONTAINALL SPILLS AND_8 TO PtltE_NT DI_ttANG_ INIQ Tile
ENVIR_NT.
VENI ILATE AREA.

SHALLSPILLS; SQAKUP UITN ADSQRBANT,SHOVELINTO WASTEC43N|AINER,
FLUSHAREAUITN WATER.

LARGESPILLS; RECOVERLIQUID FORNEPROCESSIHGDR DISPOSAL.
(CGNIIRIAED)

I

!



HAIEDIAL SAFELYDATASHEET

E: 10J10198 PAGE:
PR(3OUCTNUNHER: 123117 pRODUCTNAME;STEOLCS-3_O

MASTs:DISPOSAL: RECO_R HATERIALORDISPOSE(INCIIIS:RATIOli IS
PREFERRED)IN ACCORDANCEUITtl ALL APPLICAHLEFEDERAL,
STATE, ANDLOCALREGULATUDNS.MATERIALCOLLECTEDUITfl
AGSOliHANTMATBE DISPOSF.DIN A PERMITTEDLANDFILL IN
ACCORDANCEWIIH FEDERAL,SIATE, ANDLOCALREGULATIONS.
EI4PTTCONTAINERMAYRETAIN VAlet OR pRODUCTRESIDUE.
OBSERVEALL LAHELEDSAFEGUARDSUNTIL CONTAINERIS
CLEANEDwRiECORDIllONED+OR BESIROIED.

m_ _ mtet dr_llt eedkvl_ledelt(vlvt Qtdktll_lm___tbOO_n_tllttt IQQRll tl

SECTIONViii : PROTECTIVENEASURES "
_ s m_twtt tt_L_J_tt I1_ _Q_ L_Ib_LDL_L_QO_D_tQtt_ et__t_te_ QeaQQ t s_ •

EYE PROTECTION:BEANFULL FACESNIELOOR GOGGLES_ HANDLING.
PROIECTIV[ GLOVES:USE |NPERVIOUSGLOVES.
RESPIRAIORYPROTECTIOI4:

IF VAPORSAREPRESENT,USE NIOStl OR IISHAAPPROVEDRESPIRATORFOR
ORGAIIICVAPORS,AIR-LINE RESPIRATORjOR A SELF-£ONTAIN£D
BREATHINGAPPARATUS.

MENTILAT iOH:
USE ADEQUATEVENTILATION,

OTHERPROTECTIVEEQUIPMENT:
BEARPROTECTIVECLOTHING10 PREVENTREPEATEDOil PROLOBGI:B
CONTACT.
EYE UASIISTATII)It AND SAFETYBROILERSIMUD BE NEARMORKANEA.

_tt ttttttttttttt_tttttttttttt_tttflttObtttttfffltttHfltttOROttltflttt _tt ttt

, SECTION IX: SPECIAL mPRECAUTIONS
ltt_ttttttttttQt_ItlttlltWtltltltt tbtltfllttt_lfftt_fftfllttl_t_ttlttt_t

t_U_OLIW-ANDSTOB_E_"
AVOID OVERHEATINGOR FREI_ZING.

OTHERPRECAUTIONS:
_PILLED MATERIAL IS SLIPPERY. _ TIK)ROUGNLTAFTER HANDLING.IF
INGESTED, CALLA PllVSICIAD, •

st tt it t t t ofllttff_lflt_fflmt_n_fltff_H__tt_GGflfltt ttt t ffflfltt fl*

NEITHERTHIS DATA SHEETNORANT $TATEHENTCONTAINEDHEREINGRANTSOR EXTENDS
AIIT LICENSE. EXPRESSOR IMPLIED, IN CONNECTIONWITH PATENTSISSUEDOR PENDING
URICN MATBE 1US PIIOPERTTOF THE IMMtJFA£TUII_R_ OTHERS. THE INFOitNATIOMIN

(el)Ill I IRJED)

t

!

/



HATERIALSAFEIT DATA S_E1

,TE: 10110/96 PAGE: $
PItGDUCTitLIH_lt; 123117 nOOUCT IdAl: ST[OL C$-330

4iS DATASHEET HASBEENASSENDLF_BY THENANUFACIfURERBASEDON ITS QUN
I'UD]ESAND ONTHE IdOR[OF QIBERS. THEHAHUFACTURERHAKESNOUAItltANTIES,
(PRESSOR IKPLIED. AS TO THE ACCURACY,COHPLETEHES$,ORADEQUACYOF Tile
_FORHATIOHCONIAINJEDHEREIN. THEHAMUFACTURERSHALLNO1[BE LIABLE (REGARD-
_$S OF FAULT) |O TIlE VENDEE,THE VI'IIDEEeSEI41PLOIEES,Ill AHTOI_ FOil ANT
IRECT. SPECIAL ORCORSEIOUENTIALDAHA_$ ARISING 4OUTOF OR IN CONNECTIONMITN
HEACCIJIIACT.CI)I4PLETEHES$,ADEOIJACY,ON FUIIIIISNIMGOF SUC.MINIFOIIIMTION.
IJII II IVIIO t IkWtt/lllttlkll deVllklllk dlIO O_t OOO_OQNOQNOOOn_NDQOQ_Q_am mOtOr t QI_ 4DnQ • _

(11) IIEGISTEIIEI)IlIADENARKOII APPLICAUON PENDING.

I

: _
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D _,_tPw,t
Pa2'_:-_Jtlt Bom_'t_cym_,N.J. _ 100 Wm'_ HuntarA_nt_ ENvood. IllinOiS80421 it,_1BankheM Hwy. CorporateO_

(1_) 2S_.1_'zp Uaywood, N.J. 0760't (815) 727-4_I Wt._e_, OA 30r_O.Og51 Ser.Mrc_ & O_e_xne_
:_-Lu_-_• (FAX) 10¢-296-?R_0 (201) 1_15,3030 (FAX) 81S-774._3 ('/70} 867-7471 Nor_Setd, IL60093

(FAX}_o_._rrs4 (FAX')_o-_7.s,_oo (_7)=4e.7500
(FAX) 847.501-2100

CERTIFICATE OF ANALYSIS I CERTIFICATE OF COMPLIANGE 2311

Customer Sample i/7/98 CB056
i i l= , m

,L-.e ' rvo'o ' ' '_" 831841

Jl i , . |isl
. Tire T.'_e

_F__80107-91
-- . r._l¢ Po # ' , , r,r litml

i

STE�AN'S: S'ZvZ,OL CS-330

.17-D ACTIVES (EQ. _/'. 422) 27.5-29.5% 27.99

120-0 UNSULFATED ALCOHOL 0.4-1.4% 0.89

!19-0 SODIUM CHLOR/DE 0.4% MAX , 0.01

998-F SODIUM SULFATE 0.6% MAX 0.20

D58-0 PH (10% AQUEOUS) 6.5-8.5 8.18

" _ FORMALDEHYDE, _PM 400 PPM _ 610

. .6-F COLOR, %T @ 420MU (10 MM X.D. TUBE) 90% MIN 95

II0-0 APPEARANCE @ 25C CLEAR, F.F.M. PASS

150-0 BUFFER, AS NA HC03 RECORD 0.25

024-0 VISCOSITY @ 25C 800 CPS EAX 64

039-0 CLOUD POINT (QUICK COOL) 5C MAX 0

I

DEDICATEDTO CONTINUOUSIMPROVEMENTTHROUGHSOC & SPC

.,cS,_,,I._LYI;LSB NOTTO i_ ¢O1,¢$1.;K4_A,S,_ wkqp_rTy, EXt,,R_ OR m,_PUI[::),l'h_ W,w_._ _ = ",",_ ",",--", -,', .,..., ,.. ....



 .. MA-ALDRICH

&TTNt SAFETY DZRECTDR E_ERGENCY PHONE 1-#14-273-3B50
UNZV OF 2KLAHO_A PD BOX 2_5 _ZL_AUKEE_ _Z 52301
TRAC¥ CARTER DATE". 10/22/98
605-325-_Z17 " OUST#: 370851

PD#;

We ore comm_ed to tr_ succe_ of our c_Js'tomers_roug_ science, hP'_no/c,_/ an¢l t,e_v}ce



. ,3MA-ALDRICH

CUSTI= 370652

H A T E R Z A'L S A F E T Y D A T A .S'R _,E T PA3E Z

.: ° °.

_ATILO; _: _39Z2-4
NAREI - tALCZUR _HLORZDE_ -_30 MESH_ TECHo

WEAR SELF-CONTAZNED BR_ATHZN_ APPARATUS AND PROTECTZYE CLOTHZN; TO
P_EVENT CONTACT WZTH $KZN AND EYSS,.

UNUSUAL'FZRE A_D EXPLDSZDNS HAZARDS
ERZTS TDXZC FU_ES UNDER FZR£ CD_DZTZ=NS.

:TZDN 6, - - - - .... ACCZDENTAL RELEASE _EASURE5 .........

_EAR SELF-CD_TAZNED BREATHZN; APPA_ATUSt RUBBERBD_T_ &ND HEAVY
_BBER ;LGVES.
SWEEP UP_ PLACE ZN A BAG AND HOLD FOR WASTE DZS_OSAL,
&VOZD RAZSYN;DUST. • . •
VENTZLATE ,_E, ,N.D ,,SH SPZLL SZTE AFTER ,ATERZALPZCK_P ZS COMPLETE.

_'-'_l 7, - -- - " 8-,- e . -- HANDLZ,G AKD STORAGE..........._crz_N

:TZON B. - ,- -- - - - EXPOSURE COnTROLSPERSONAL PR_TECTZ_N- - - - - -

_EAR APPRD_RZATE NZOSH/RSHA-APPROVED RESPZR_TDR_ CHE_ZCAL-RESZST_NT;LOVE_t SA, ET_ G_GSLEOf OTHER P_OTECTZVE CLOTHZE;.
SAFETY SHO_ER AND EYE BATH,

DO NOT BREATHE DU_T_ E_ZRED"

tV:ZD PROLONGED Ok REP£ATED EXP_$URE-
_ASH THOROUGHLY AFTER HANDLZN_,
q&RRFUL SOLZD_
XRRZTANT.
[EEP TZGHTLY CLOSED.
STORE ZN A COOL DRY PLACE.

:TZDN 9, - - - - - - - PNYSZCAL'AND _HEflZCAL PROPERTZE$ .......

_PPEAR&K_E AqD ODOR
MHZTE BE_DS

,HTSZCAL PRO_ERTZES '
qELTZN; POINT: 782 _ .
VAPOR PRESSURE: O.O_RM ZO C
SPECZFZC G_AVZTY: 2.150

:TZO_ ZO* - o - " " " " - -STABZLZTY AND REA:TZVZTY .........

T_BZLZTY
_BLEe

4_,_,PATZBZLITZ_S
CONTZ_UED O_ _EXT PA_E

We are commtHed to the _uccess of our custornen through science, techn_ogy ar_ ser_ce

BM¢ll



• _MA-ALDRICH

We ore c_ed t_ file succ_s of our C_b'?ornersff1_OUgh s_'e_ce, fechn_Ty :n_ _en_ce,



; MA-AL.DRlr__,H

[:UST#: 370931

Pi A T E R Z Al. S A F E • Y D A T A S H'E E T P*;E 4
O _ gm _ _ Ib _ aid _ aP qm, aim aD am _ m gb 410 Ira, _ g qle

:ATALD; #: 23922-& "
_AHE8 CALCZUR CHLDRZDEe -{eA.3D HESHr TECH,

(RTEC$) DATA Z$ PRESENTED HERE. 'SEE ACTUAL ENTRY ZN RTECS FQ_:O._PLETE ZklFOAHATZON, • •

:TZON 12, -- -.,, ..... ECDLOG:CAL ZHFOR/'iATZDN .... - .....

DATA NDT YET AVAZL&BLE,

:'TZDN ZS. - ....... - DZSPDSAL CDHSZDEI_ATZON$ - - - ...... ,

DZSSDLVE OR _ZX THE MATERZAL krZTH A COMBUSTZBL: SOL'VENT AHD'BURN ZN A
_HE/_IZCA[.. ZNC]'NERATDR E_UZPP,ED _ZTN AN &FTERBUR_JER AND SCRUBBER.
:SBSERVE ALL FEDERALy STATE AHD L_AL ENVZ_DN,qENTAL RE;ULATZONS.

"" _N 16,. - " - - - ..... TRANSPORT Z-NFOR_ATZDN.-- ........

ACT ALDAZCH CHERZCAL COHP),HY FOR TR _$PORTATZON ZNFJ::;RHATZON.

:TZON 3,5. ..... -' - -' - RE;;ULATDRY ZN]:'DR_ATZDN - .........

EI,/:_:)PEAN ZNFOR_ATZ_N
EC ZN'DEX NO: 017-01)-00-2
HARRFUL
R 36
_RRZTATZNG TO EYES.

SDD2NZDTBREI,THE OUST,

_D.,S 198 H • ., T E 35_._Z0, TFE
Z1743_ .

:PA TS'_:A SECTZDN 8_(D) UNPUBLZSHEO HE_LTH/$__FET¥ STUDZES

-- - - ..... - - ..........

Weorecommittedtothe,successofourcustomersthroughscience,techn_ogyan_semite.



OCT Z3 'SB 9:3S FROM TO SI4@53Z54Z!? PAGE.BB1/BZ?

i
 MA-AI_DRII H

I1!

CUST¢: 370851

R A T E R Z A L S A F E T ¥ D A T A S H"E.E T PA;E 5

_ATALG;#: 2.3922-&
_AqE: _ALCZUM CHLORZDEt -_,30 MESHy TECH.

ADDZTZONAL TERMS AND CDRDZTZONS..DF SALE.

:OPYRZGHT 1998 SZGRA-ALDRZCH;CO°
LZCEN$5 GRAHTED TO RAKE UNLZHZTED P4PER CDPZE$ FDK ZNTERNAL U3E ONLY*

'4 • ._ .,._ e e .. • • r,I • P

We ore c-¢_mPtedto the _tcce_ ef c_Jcustomers_rough t,cience, te-J_nolc_y¢:nclservice.BUell



OCT 23 'gB 9:50 FROH Iv =, ..........

SIGMA--ALDR!CH

_NZVO"=KLA.O_A P=:=X3. _LWAU_E_,WZ:ZSO:T_AcY_A_T=_' DA._.... _ozz.
PD#=

.,

R.ATERZ_ _,_FETT _1 3R_T PAGE 1

;E=TZON 1. CHEMZCAL ZDENTZFZCATZDN

_AT,LO;.: _62o-
ARE: =TH_L _LCOHDLv AEA;E_Tt DENATUIED

E:TZDN 2, ..... CDHPOSZTZDNI_HFDRRATZOH ON ZNGREDXENT$ ......

CA$ ti 66-Z7-5 "' '
_F: £2H60 • . "
EC NO= 20P-_T8-6

ADDZTZDHkLZNFOR_ATZOH
_O_T_ZN$ H_THYL ALCDHDL_ CHERZCAL ABSTRACTS REGZSIRY NU_ER _7-5S-1,_=_T£ZHS2 PROPAN_L (ZSOPROPYL AL_OHOL)t £HE_ZC&L,ABST_ACTS REGZSTRY
NURSER 67-63-0.

I_TEC$ DATA AND SYNONYR$ SUPPLZED ARE F3R THE _DST.A_UN_A_T HAZARDOUS:_, ,OqPOHENT DF THZ$ P&DDUCT. . ' " '

_BSOLUTE ETHANOL • AETHA_L (GERman)L8 A_THYL_LKDH2L (_E_AN) 8
ALCOHOL • ALCD_OL_ ANHYDROUS a ALCDHO_ DEHYDRATED * _LCODL ETHYLZQUE
(FREHCH)._ ALCOOL ET_LZ_D (ZTALZAN) • AL,RAZN • ALKDHDL (GERRAN)
tLKOHOLU _I"I'LO_EGO (PDLZSH) m ANHYDR=L • _DLOGHE SPZRZT • [TANOLO
(ZTAL_AN) • ETHAHDL (ACGZH:OSHA) • ETHYL ALCOHOL (DOT:2$HA] _ ETHYL
ALCOHOL ANHYDROUS • ETHYL HYORATE • ETHYL HYDR_XZDE , ETYLO_Y ALCOHOL
(P_LZ$_) •'FER_E_TATZDN ALCOHOL 8 _RAZN ALCOHOL • jAySOL • JAYSOL S •
qETHYLC_RB_NSL • R_LASSES ALCOHOL N_ C03Z36• P_T_T_ ALCOHOL * $DALCOHOL 23 H_D_EN • SPZRZTS DF _ZNE SPZRT TE:SDL •

_TZ_N 3, .......... HAZARDS ZDENTZFZCATZON .........

LA_EL PRECAUTIONARY STATERENTS
:LAM_ABL © (USA

_ARRFUL
_ARR=UL BY I_HALATZON A_O IF SWALLD_D-
IRRZTATZ_G TO EYE39 RESPZRATOAY 3Y$TE_ A_D SIGN,
T&RGET DRGANC$)=
_ERVES
EYES

AV_ZD CO_TACT _ZTH _Z
IN _ASE DE A_CZDENT D& ZF YOU FEEL UN_ELL_ SEEK _EDZ_AL ADVZCE

CONTZNUED OH NE_T PAGE

. .,m.=..
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OCT Z3 '@B S:4S FROM TO SI4{_3254217 PAGE.B26/B27

,GMA-AI_DFSIOH
-- I I II

CUSTW= 370851

PI A T E R Z A L S A F S T Y D A T A 5"H E E T PA_E 2

CATAL_; t= 3628D-B
NA_E= ETHYL ALtDHOLt REA_ENTt DENATURED

_MMEDZATEL_ ($HDW THE LA3EL WHERE POSSIBLE).
HYGRg$COPZ_
KEEP TIGHTLY CLOSED, •
4ANDLE A_9 STO_E U_DER NITRO=EN,

_TZON _, ..... " - - - - FZRST-AID REASURES....... - - - -

_N CASE OF C_NTAET, _R_ED/ATtLY FLUSH EYE3 OR SKiN WZTH COPIOUS
iR_UNT$ OF _ATER FOR AT LEAST 15 RZNUTE$ _HZLE KERSYZN$..CONTA_ZNiTED
ELOTHZN$ AAD.SHOES- • . • " •
/3SURE ADEQUATE.FLUSHZ_; OF'THE EYES BY S:'PARATZN; THE EYELZD$
¥ITH.FZN_E_$," =
_= ZNHALEDt'RE_DYE TO FR.$HAXR, ZF NOT BREATN_N_ ;ZVE ARTZFZCZAL
......._P_RATZON, Z= BRCAT ZN_ ZS DZ FZEULT GZVE OKY=E_,

$WALLO_ED, WASN'DU_ R_UTH WZ_H WATE; PROVZDED PERSON ZS CONSC_OUSo
;ALL A PHYSZCZAN, ".
_ASH CONTAMZNATED CLOTHZNG BEFORE REUSE,

FZRE FZSHTZN; MEASURES ':TZON • - - - ................

.XTZN_UZSH_N¢ .EDZt " .

CARBON DZDXZDEt DRY £HERZCaJ.. PO_DER DR APPROPRZATE F3A_*
SP:CZ_L FZREFZ_HTZNG PROCEDURES "_EAR SELFCDNTAZNEO BREATHZN; APPARATUS AHD.PKOTECT_VE £LDTNZN_ TO

PREVENT tO'TACT _ZTH SKZN AND EYES," " ".
_$E _ATER SPRAY TO COOL FZRE-EXPDSED CONTAZNERS,
FL&R_ABLE LIQUID* " .

U_USU_L FZRE A_D EXPLOSZSNS HAZARDS
TOXZC FU_E$ UNDER FZRE CDNDZTZONS,

VAP_ _AY CONSZ E
FLtSH BACK*
CONTAZNER EXPLDSZDN PAYOCCUR UNDER FZ_E C_N_ZT_DNS,

:TZDN 6e - - - ..... ACCZDENTAL RELEASE _EASURES.........

_ZSPO$_L'"
_SE NDNS_ARKZN; TO_L$. . .
_:NTZLATE AREA AND W_SH SPZLL SZT: A:T:R R_T_RZAL PZ_KUP Z$ tD_PLETE,
....... HAN_LZN; AND ST_R_E:_ _ 7. --- " ...... " ..........

_,EFER TO SECTZON 8-
CONTZNUED ON NEXT PABE

We are torero/fled Pothe success Of our cu.rtomer_ through scie,'_ce,_echn_gy an_ service.



OCT Z3 'OB 9:49 FROM TU 514_53_54_17 PR(_P-._=/t_¢(

' 3MA-ALDI=IICH

CUST#= 370851

R A T E R I A L S A F E T Y D A T A $ I_ E-E T PA_;E 3
o _mw lid _ _ _ _ _ _ O qR, _ aid _ qlm,q

CATALO; 1I: )528_}-]I
_iA_IF.__. ETHYL ALCDHDL_ REAGENT_"DENATUREO

-'TZDN 8, - - - - - .- EXPOSURE COHTP,OLS/PERSOklAL PROTECTZ2N-:.- - - - -

WEAR APPROC'RZATE NZDSH/HSHA'APPROVED RESPZ_ATDR9 CHE,'_ZCAL-RESZSTANT
;L3VE$, SA=ETY GD_LE$_ OTHER PROTECTZVE CLDTHZN;,
_JSS ONLY Z_ A CHEHZCAL FUHE HOOD,
S&I=ETY $HD_ER AND EYE BATH,
30 NOT BREA,T_E VAPOR.
DO-NOT GF.T ZN EYE$,e ON_$KZN,p ON CL_THZNG.kV_ZD PKOLONo=D OR RF.PEATED EXPOSURE-
WASH THOROUGHLY AFTER HANDLZH_,
q&RI_FUL LZ_UZDe
I'R _,ZTAN'T.
_EEP TZGHTLY CLOSED,=P At4,tY FR:3PIHEAT_ SPARKS_ AND OPEN FLAME.

I P.E ZN A I;_OL DRY PLkC:Ee

s,ON 9, -- - .... PHYSZCAL AHD CHEMZCAL PP.OPERTZE$ .......

=_E&RANCE AHD ODOR
_'.OLORLE._S LZ_:UZD

*IY51:CAL PROPERTZE$
BOILZN,P-,POZHT: 78 C
UIELTIN$ PDI:NT: -],30 C
:L/.$HPOZNT

48cF .

=.XPLDS.Toq LZ_ZT$ ZN AZR: . _,9_ 60 C"

J_BZLITY
STABLE"

.'O_PATZ_ZLI'TzEs
3XZD_'Z.ZNS AGENTS
=ER,OXZDE$
&CZD$
ILCZD .CHLORZD-_$
I,CZD_ANH_'D_ZDE$
I,L" _LZ RET_.L$

_. CONTZHUED ON NE;KT PA_;E

We _'e _ to the _'uccP._of our cu_rtomersl"h_oughscience, fecl_nolog), aria t,ervtce.



OCT Z3 '98 8:49 FROM TO 914{_53254217 PIaGE.BZ4/_Z7

I
....• 3MA-ALE:)F:::IIC:H

IIIll

CUST#: 3"roB51

R A T E R Z A'L .S k F E T Y V A T A 3"H'E.E T PA3E 4
im _ _ _ m Ira, qm _ _ ql) I_ I) _lm _ _ mid lira qmm qmD _ aid

£ATALOS #: 36ZBO-B
qA_E: " ETHYL ALCOHOL7 KEAGENT_ "DENATURED

PROTE_T FR_R R_ZSTURE.

_AZARD_US £D_B_STZDN OR DECOHP_$ZTZO_ P_DUCT3
_DXZC FUHE$ OF:,ARBDN RONDXZDEe CARBON OZDXZDE

HAZARDOUS PDLY_ERZZATZON
WZLL NOT OCCUR,

CTZO_ 11, " - - " - .... TOXZCOLO_ZCAL ZNF_MATZOH " -_ - - - - -

tOrTE EFFEETS' ,
_ARMFUL ZF ZNH&LED OR S_ALLOWED,_'Y BE HARMFUL ZF ABSORBED THKDUGH THE $_ZN,

I OR OR MZST ZS ZRRZTATZNG TO THE EYE$_ MUCDUSME._BRA_E$ JLHDUPPER
'_%_PZRATDRY TR&CTo_ _

RUSES $_ZN ZRRZTATZDN, ' ..
CAN CAUSE .CNS DEP_E$$ZDN,. .
EXPOSUre CAN. CAUSE=
;ASTR_ZNTESTZNAL DZSTURBAN_ES
_AUSEAv DZZZZNESS AND HEADACHE
_A_ OCTZC EFFECZ .
eRDLDN_ED OR R_PEAT=O EXPaSU_E TO $KZN CAUSES DEF_TTZNG A_D
OERH&TZTZS-CAUSECONVULSZONS.

:H_DNZC EF=ECTSTA=ET
qERVES "
E_ES
LZVE_
_ZDNE¥$
_EART
_A_DZOVASCUL&R SYSTEM
$oZo YSTEq
TE TH_ BEST OF OUR K_OVLED_Et THE "CHEHZCAL, PHYSZEkL, AND
TbXZCOLOGZCAL PAOPEATZE$ HAVE NOT BEEN THOROUGHLY ZNVESTZ_ATED,

CUTE EFFECTS
HARMFUL ZFZNHALED OR S_ALLD_ED,

T:C$ #: K_630DOOD
_THYL ALCOHOL

_ZTATZOH DATA
• _-RBT _00 _ OPEN MLD UCDS** 7/22/Z9?0
-i RBT ZO M;/26H _OD

BSJEtE -e_S9_g86
._-RBT _00 _ _EV AJOPAA 29e2363_,_9_

C_NTZNUED O_ NEXT PAGE

Weorecommil"te_to the.successc_fo_ customer__ro_ghscience,technotogYc_c_se_ce
mmm
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Weo_ecommie# to _ succ,e_of ourcm'tome_sthroughscience.Tecnn_,._gYan__e_'.,/ce.
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OCT Z3 'gB 9:4B FROM TO 914@53254217 PAGE.@_Z/@Z?

L 3MA-ALDI:::IIC3H

CUST#: 37oBsZ

M & T E R Z AL S & F E T Y D A T A $ HOE E T PAGE 6
• _i

_ATALO_ 8; 3628_,-s
qAME-; " ETHYL ALCOHOL, REA_E_Tv DENATURzD

EFFECTS DN EqBRYD DR FETUS (EXTRA EMBRYONIC'STRUCTURES)
EFFECTS ON EMBRYO OR FETU$.(CYTDLO;ZCAL CHANG:S
EFFECTS ON EMBRYO DR FETUS (FETDTDXZCZTY) • " )
EFFECTS DN EMBRYO DR FETUS (FETAL DEATH) •
EFFECTS DN E_BRYD DR FETUS (OTHER EFFECTS TO E_BYR_ 2R FETUS)
SPEC FZC DEVELOP_ENTAL ABNORMALITIES EYEt EAR)
SPECIFIC DEVELOPMENTAL 4BN_RMALZTZE$.ICRANIDFACZAL)
SPECZFZC DEVELOPMENTAL ABNORMALITIES _USCUL_SKELETAL SYSTEM]
SPECIFIC DEVELOPMENTAL ABNORMALITIES (RESPIRATORY SYSTEM]
EFFECTS DN N:W_DqN (GROWTH STATZSTZCS) ' '
TUmORIGEnIC (E_UIVDCAL TUMDRZGENZC AGEN'T BYRTECS _RZTERZA)

NLY $ LECTEDRE_ZS RY O_ TOXIC E ECTS 0 CHEMICAL _UBSTANCE

/

_,_.,A 12°'- " " ...... '.ECOLOGICAL _NFORMATZDN ..........

DATA N_T YET AVAILABLE-

:TION 13° " - - " ...... DZSPO$AL COHSZDERATZDNS .........

_URN IN A _HEMICAL ZNCZNERATDA E_UZPPED WITH AN AFTERBURNER AND
SCRUBBER BUT EXERT EXTRA CARE IN IGHITIN$ AS THIS MATERIAL IS HIGHLY
_LAM_ABLE,
OBSERVE ALL FEDERAL_ STATE A_D LOCAL ENVZRDH_ENTAL REGULATIONS.

TZON Z_ TRAHSFDRT ZHFORMATZDN " "'

CONTACT ALDRICH CHEMICAL COMPANY FOR TRANSPORTATZOH INaDRMATZON,

:TIO" 15 REGULATORY Z_FORMATZON " '

:_RDPEAN INFORMATION" EC.ZNDEX N2. 603-D02-00-5
_I;HLY FLAmMaBLE .
HARMFUL

HARPtI=UL _¥ ZNHALATZDN AND ZF SWALLOWED-
$7 =
IEI_.CDNTAIN.R TIGHTLY _LDSED-
KEEPAWAY FROM SOURCES DF IGNITION - N2 SMOKINg.
S 2&
_V_ZD CONTACT WITH SKIN-

.... -A_E OF A:C_DENT OR ZF YOU FEEL UNW_LL_ SEEK _E_Z_AL A_VI[E
" CONTINUED ON NEXT PA_E

We _e commfffe@ fo the s_ccess of our c_r/c_'ners ff'u'ou;7 h science, te_.hnc_c_y an_ service.
mm i mm

I



 II MA-ALDF:::IiI H

CUST#: 370B_I

_ A T £ A Z A'L S A F E T Y D A T A S_E.E T PAHE 5

CATJLD; B: Z2.3Slo4
_i_: SODZU_ CHL2RZDE_ 99+_t A.C,$. _EAGENT

THE _OV_ ZN_O_ATZOH ZS BELZEVED TO BE _O_XECT BUT DOES N2T PURPORT TD
SE ALL_Z_CLUSZVE AND 3HAL£ BE USeD ONLY AS A.G_ZDE. ALDRZCH SHALL HOT BE
HELD LIABL_ _OR ANY DAMAGE RESULTZH; F_D_ HA_H; DR F&DH CDNTACT MZTH
THE ABOVE PRODUCT, SEE R_VERSE SZDE 2F ZHVDZCE OR PACKZN; SLZP FOR
_DDZTZONAL TER_ AND _OHDZTZDNS DF SALE.

_OPY_Z_HT 1998 SZG_A-ALDRZCH:CO.
LZCEN3E ;RANTED TO MA_E UNLZ_ZTED.PAPEX _DP_E$ FOR ZNTERHAL USE DNLYo

._..... Weore comrnlrledIo _ wccessof _ curtomers_._h _c_-_:e,techr,c_), _ _e_'ce.

nn ,, _ u _ --I



MATERIAl. SAFETY DATA SFWETS





No.683 ,Po3_h1_nw.dBiphenyls(PL"Bs)9/92 ,
[section6.HealthHazard Data • .....,. _...,:..... ' .:......:_.._...... '
| Carclnogenfcity: Ti_ IARC/,'+Jlad I_P _j_ _sl Ms as an IARCprobtblzcm'c_nol_ (over_ evaluationis 2,4,;limitedtrumancLtcs;s,ffiment
i4r....,Idsts)and/qFP_mti¢ipstzdcsrcinozzn._rpec_vely,Summary ofRisks:PCBs_ potentlJvutoximthstcanbesbsmbed_'o,sh

: _nsen intoxicamour,wi_outimm_m.ep_notirrlta_on...l_shavelow,mutetoxicity,butumsuture,!.- infau7tissuestudterm
'__l,' tffccu mr/develop la_. OznertJly,co_csty m w_ • kigha chlorinecontent+PCl_.oxidcs ammore to_:. The toxic actionon the

taoncmmt_p]gmmtafions,l_m'uons, stm_=c_, •no unoerwmghtI_m.+xt)hsve men associ,-._withinc_z4szlP_ sm_ levels in too•hen; PCBs
t_..behv.pUsedin ln_s. t n_..Pl_s c__ Lq"+P.ptthereproS..._i.v.esystem of ack_lu.Med.fcidCondftlous.Aggrsvat_ by Loug.Term Exposure:

a, .tnan_cuory _m_.. -sm'ge_u rgu_s+:_xm, ova, eye_ mum,,-,mcm.:rtw_ stud:_ tract Prtmar_Entr3,Routes:

.res_Paum'ytrac_._nsmmmac,.tec,_pos.m'etomg_.co.r._._wsoonsmayrums .meye.,.mnl,an_ +._,_=_. _ys_nic effccu i_clutz ns_s_ vom,_,
me're,agedbl.c_d_ fa_e, .we_ht Ioss,)aund_cz,_lzmt. •_2d_ pzm.. Colmuvz, _urob_wkn andpsychomotm imptirm.emand
memm7to. nsv.amso_ u_. asm'_o_ z=posze,curo.a,+czneeu:_.q_u_ ,xpos_atol_'es can_sos.chlomumms.c_us,swel_l.

.1.,..s_omtestmtJ_ .s=m_smms;n_m'mogma_symptomss_ma._._,g _acr_.., o_.mm.s, oc_ .e_.ran,nzrvommeu,rmmbn=s of the utremitias, ano
| Joml andmusc!cpsu_"lira .em_'.geme_z',mmsmudchortlesmwomb; andctm_mclm)t_.bilis.Cam_. IX_aPUyUw=.i_ alsoapossiblerasuhof
! ax]_osm_, out CU_ _ I,'_,or_imvs.

l-m'_ u,utin.':'w.lonbeam,_ _ rim_l _one. Oz_y li/'te_l,kb s..x5f3,_h imma:l,_y _ c_'_c_us_, wkh f3oodinl smo,rmsofwsu_un_

I I.mounl3 o; wal_ M l! lull l+ I_. WII/_ ccposea _ wil/i solp _ warm,, Mad/Ipm _101_ _ +o w_th_t_rt arc _.cl_ary. Avoid the use o!

I org_c amvcms.to.or.urnthe_ r_ s.dda_ orb_.z_ ski_..,am_l_•._,h)-s_Intm£tup,,:_.emov.r4_o_ ixmmtofruh_ s._su1_cm
| _etmin.l as ne_.__ lnlesUon: In mosteasm.,a_dmu_ _ mguuon wiU..nott_cmgniz_ un_ long a_ vum/_g wouldbe of any value.
i_evzr I!ve Im.y.tmng.bitn_.uthm.lmImco.nunouscn mnv.wr_1 parma,roaming of.the pm'zsub.st•rexmy c4mszIrpiration.Consult a physician.
I_Ote to Pnyucttns: _om_ psumv.sformcrcued hepmc aw/me_ chlomam_ ,usa eye, Itscomtas_el. andncorc_tolk symptomslisi_l above.

!.'p el , " .....
"Sect•on 7. ,Spill, Leakpand DsspoSalPr_,eclures_.:.Y*:?:::;:.i..;..":;..:.::..::.?"":::...;_._.:::i:i,:(:.:."_++/_:::!:,:;...-_,y,.:,:,.," l,

Splll/L_k:No_.if7Mletyporson,'z_zvacus__ um_a:_ssay_p_'_nne..l.provic_a:tequsu_vz.-_on,andisolatehs_,-d_ Cleanuppersonnel
shouldprotect•Izin_vaporinl_on andskin_reyecoruscLF,cnem_ s'p_lls,ud:zupwithsm'_darotheanor.combustiblemsun'_msdplac_into

! confines for lsu_ dispos_ F_ l_|er rpUh. dikefg: eluadof rp_Uto conu_nfm _ d/spos_. Folk_wapplicableOSHA regul_ons'(29 CF'_
1 1910.120). _nvlronmental Truns_Pu P<_s havebeenel_w'nw b_m,.cm'_.++=m'a__significantly in tqustic OrSL'_SmS.[,eotozicity: BIuesUI,TL.-n:
[ 0.278 ppm,96hr. M_lm_ Duck LD_ 2000 ppm. Envtronmenta_J_eg'PgosUon:In gmer_, thepe_uz_ of PCBs inc_as_ withan increase
( delme of cldorinado_ SoUAbsorptlon/_JobUlQ"PI_s _e l_lhlJy_ in souand Imer_Jly 6o not_ significantlyin most _ueous soil
| eystems. Howard, in theIm_s_ oforlanic so_v_13,PC]Ismay IPachr_p|dlythrough thesoU. Y_,la_iz_on of PCBs born soil may beslow, but
i over rimemay bes+_mml, Dlspor,tl: Appmv_I _ d'+m1_ouJmexhods".mclmle,_inP.n_on withs=ubbing, high.P,P_c/en+.ybottm, l_d_'dLs,_d
JEPA.tFpmved slu_utt[vadLspos_lme,thc_. EachdislXS-_ methodhas vmous c_itzrb. _.;c_tactyo_ supplla cc a licensed conu_cwr for dr._led
•- _m_ons, Follow ._FpS:ableFederal suu_ _ _ radiations,

_ )esl_n_tlons
,,+_,A Htz_doas Waste(40 CI_ 26133): Not listed OSHA Designations
.,_v_ Ex_Peme]yHs,_J_lousSubm_*z(40_ 35_):N_ _ Listedasin Ak Ccmutminsr,_(29C_ 1910.1000,Table2-l-A)
Lis_f ss• SARAToxic Chemic_ (40 CF_ 372.6_)

....
Section 8. Sl_cial ProtecUon Data .... .' ". '

conl,_:llens use m mouslryssco.nwovm_l, mo.a_L_snyoor o,w_.,pa_cy. KP..l'plrator:.._e.JCprote._wr,a,£am,_ l_r to Tesp_ral_selection annuse,
FoUow,OSHA _ _elUbLdom{29 G=R.1910.1_.)and,_ .tr.+r-umT_.,.wine.• ._ .H_OSH._ppmv_.ru_=_. Select,as_k_ buedon its

opo__ m:_'co, r_ m_smc7orm_-o.u._eepen+_ (ctmmmg_ms, s_.:, _=szmms+ .,se....m_.),_ ,mst_. w,_._mz:A+..

Lion_m_Snmm.,".m_dasa:_ nm__.m.=n_...ma_n,.mm_..S.z.-ms.unS,.Imn_,cmm,_onmemm.momm.rmg,mmntanan_,,ms_uor_mr_mng,
studconvmicnz,esmu_smaleurm.umea-w_,c_mu._ pm_..aveg_evas._oou,s;_'om.:L__S_.nu_ to.j_evemellskincont_c-B_O'I
rubber, nm_'cnc, Tzflon,andfluomcs._nrueocr_v_,,m'_c.uco_E_"umu Srr,u_ _ sms. v.,nu=uou.: .rm_m Jlenendmulloc_ exPw,,t

con1_minlnldisperfion/r_ themk m vy .a_u_n../. stst m source., , .__rety.StaUo+I_: m,e wlu,w|.e m _e _ m mien+ eyewuh
auuioas, stf_ry/qulck.d__ showa_ and.washmgs_.._u_.. _;o._tnmtnatedF,__.Ulpmtn.c:_p ._11_c_nuunmuledw_c clothes fromSl_eetclothe_
and la_mdefbe..feretrout. Saj_gste conuunmsu_clommgm Imr.'sa mannerso uuumere u no _ conuu:tI:yslmnarypersonnel.Implement
lu_ sassmmcz In8acmm_ llz .complz_z_ess.ofthecle.u_g _..Remoy. a _ msu_..b_:m_ye.u__ and c1_ P.PE..Comments:
_levm'st•, drink,or smoke_ wor• Imp. Imum=tpoo perso_ nyBumesire"osm| ma nutm-_ mpecuwy neao_ stt_ng, anr._n£. I=noJcins.

I usingthe_i3_ or_j#i_ c_meu_s. .....
I Section 9. Special Precautions and Comments

_On|l"O),S: To _I_ _X)I4_ IIP.JUUI_ utelUItlC'U:flI_tuuonor lomuaxP,austvanulauo_w _on=o£mPu_'neconum_/namtsand to n_Jntain

Jconam=a_om II ti_ lowestpra_r_, level. AdminUtral.lveControls: Inform._mplo.y._.so.f.l_ advc_,e K.P,aJtha.ff._cu.s_ia_ with pC_s. Limic
ace=s•mP_ workm.u toanttm+izedpermrmcl,Consm+rI_/_emeat _ per_= me_r_ ._smmt_.m_m empP.u,on_+s_n, _Jver,
lung. andrzim_, cd_ t_t.,em..Mon_mrPCB bloodlevels. Consta_ possiblem_actson me tetus. Iteep me_maJrcoords forthe e_me iengt_ of
employment 8nosmmexouow_ni_uy_. Transportation Data (49 CFR 172.101)
r _ Shlpplng Name: Poly=h]orinszdbiph_myb Packaging AuthorlzJtions QuanU_7 Llmllatlons

s) Exceptions: 173.155 Passenger Aircraft or Raiicar: 300 t
_i_J Hazard Class: 9 " s)+_Io.: UN2315 b) Non.bulk Packaging: ]73.202 b) Car_o Aircraft Only: 220 L
,,OT P_klagGroup: IT c) Bulk Pickling: 173.241 Venal StowNle Requirements
DOT Label: CLASS 9 a) Vessel Stowage: A

'Special PPovlslons (I_.I02): 9, N$] b) Other:
-MSD$ Ce/Mt'l_ iiLdrme_: 26, 73, 89, 100, 101, i03,124.1_6, 127, 132, 133, 13e, }63, 164, If_, }69, 194.17._, I$0
Prepared by: I_ Wlm_ BS; l_lul_Isl Hyldene Review: PA Roy MPH, CtH: M_lc_l Review: AC Dtd_n_ton. MD

i ii i i ii i ii
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Material Safety Data Sheet I No.624

GeniumPub_h_ngCorporadon N_T ]_'E

i. ,. 1145 Ca_3m Street$.her_ctady, N'Y 12303-1836 USA Issued: November 1987
, " , (,5181377-88_3 ....... almuu)uausx,)m©ome,

SE CTION,:,,L'MATE RIAL IDE NTI FI CAT ION: ::?,:i:!:,i>:<::?.:_,:_::_:•:,?E!::•_.:.:.........!>,•.•:.........;>:.:.,...•,.:.......':•.:••:• • -.... 2
Material Name: NAJ_h'I'H.t_-_N'E

Description (Origin/Uses): Used lotItl_oth re.polLensand t. mamyi_uslr_ pmr.e,_.

Other Designations: Ntph_htJ_; Napbtheee;Ttr Camphor;,CsoI.I,; ID,(IS
NIOSI'IRT£C$ No.QI0._25000;CASNo. 0091.20-3 It 2

•._,--,e"-"'_puz.gu_IieroTdir_ibuwr. CousuRthela:gttedidznoftht F 2 R 1Monmfacturer:
Ck#.m_._we_B_" J G_ (Ocmumrr.f,73) for• l/st of gupp_m'i, g 0 I 4

l'PO" S 1
•am seeS.I K -2

SE.¢ ION2.INCR .DrEN'rsANDHAZARDS,,". :..,.,":' ZXPOSURE'L'i nTS.
Hepht,_d¢_,CASNo, IX_91.20-) ca 100 IDL.H, Lz.v_ $00ppm

ACGIH TLVo, 1987-88

_B TLV.TWA: I0_ 50mg/m'

OSHA PEL
I-l.lr TWA: 10ppm,$0_

Toxicity Data *e
Ck_ Ortl,I.D_.:)00
M_, V.hak_w_,LD_: "/4mf/i_"

'IJ=ecditt_Jyd-,,ga'o_ to life _ he4dth It,U, and, LD_: 1280mi_r4
•"See NIOSHR7£C$ foraddidoatl dun withrefen_es to missive, mutaSe_,
repn_d_r.tivc,,,_¢_mor_emc effects.

""._i. ,,SECTION 3.PHysICAL DATA, , ., '.... -.:; : .....>:......-...,,.:,.......:.::..::::.,....:,_..i>:;;:........._..................... . ......
Boiling Point:. 424"F(218"C) Specific Gravity (H)O = 1): 1.162tt6_']: (20"C)
Vapor Density (Air = I): 4,4 Melting Point: I?6"F(S0"C)
Vapor Pressure: O.0_7Tmr 8177"F (?.5"C) Molecular Weight: I28 GmmUMolc
Water Solubility: Insoluble _ Volatile by Volume: rJ 100







Material Safety Data Sheets Collection:

_p GonlumPubIIshlng Corporation

, 1145 Caufl),nStreet Sheet No. 355

/,_ SchenamdY,olS)l_rTV.U._12303.1836USA o-Dlchlorobenzene
Issued: 11/77 Pc,vision:C,8/90

It I I III .........

e-Dkl_omben_ne(C_H,C:I0 Dea:riptkm:_ t_ theckl_ of'baza_ or _bazaz ind_ R 1 NFPA

_,x__n.dte.r, a ,._Oeask_ 84_.t _x. mztab, l_._ba, m.,dwool; m.,_;,,.. in m.s_O_ dyes; _ _ o ! S 2*K 2

O_her _,,-_ CM No. 009S.S0-1. IX_. 1,=-,_-_,k_obauaz. _be=za_
b6mul_ Can_a_yourr.zppl_a or disrltxu_. Conr_ s)z s-,,,,xC_ _Tr-'#' _"_) for • rupplimlist.

H 2
F 2
R 0
P_

-- .................... n""n"nn ............................. ..... -"_ ""*-'='"'" Jr'r*'""'nl'*Td''ll'""*'l'Tl"*']'""e"V [l'l[llll ....... I ......... I1"1 I ..... T'

o,.Dicl'doro_
1_90SHA PEL lt_.$0 ACGIII 19_.4_ Tazlc_ Din?
l$.-,;,_S'rF.L(clz'Ib_:_K)ppm,300m41/m _ TLV.ST'r,L(or._k_):501q_,301m&_ s P,a:.tnh_lzkn_.LC_,:821pp_tnk_ledovwTin

191r7IDLHLmml 1_ _IOSH _ liver(hep_ __ nec_mis,zun_)and
1700 ppm None wt,_bl_l_d _ argi_ amdslp_gt _es 0e,,s_J;)

i_ o_ I.Dm:500mf,_: toxicef_e.cuno_
szvizwed

Rsl_t. eye.:I00mS/_s rinsep_xJ,_z._mm

v_S _ d pfu.a_d_did:la_m_w..

! _oUln_ Point= 356.9 "F(180.'5 "C) az760 st,= HI; Moiecu.la.r Weisht: 147.0] _¥.,t,_ b:_Volume:. 100,i _ Melting Pob:t: IA "1=(-17 "C) Specttic Gra_7 30'C/4"C: 130_ Evaporation IRate _.c = I): <1
Yspor Prwsm'e: 1.47 sum HI "_2_ "C Wlzer So_bU_: _y im_uble
Vspor D_ (Air. 1): 5.05 (137mS/U_ ,_2_'C)
Appearance and Odor:, A _lorlms Ikluid _ • d.b.sOw.._ _u_c _,._. The hiSh ms:llow odor thresholds an 300 and 12 m_n'_;
nd_er.ze_ Ls_ az I_0 sz_,_'. TI_ _do_iJ pm:rp_;ide a: 2 w 4 ppm.

• ' " ;;; -:':';" " "': ' " ' " ' " ' " "; :: : : "':" :':;"" ;::; " ;' _;:'::"; • : "'": : "; :_::; ....... ;; "'; "';: ';'; " i..i,;,..;.,.':,, , ..,.. ,:.', ,.....:,.ii_; "..;',,i._.

Unus_tlFb,torExpka_on _-o--uls:Ue_krnmm_J wu_kk_ ¢_s_,,km,,_ub_zm_ should_t po_ a _ hLza_ _ of._ l_l_

flashpoint. Hov,_v_,_l_OSive_ may _m Lf_ ....,.-_d is ]_j_d or m •_ ,;',,-,_.

op=_d m d_ _ _r Ix_5_-I_m_ modzmds _ _ m_ Use w_ so_! 5_.x_t mn,_m, to flush_[
8w_ fnxu apomm, md Io Inmc_ wm_m auanFinz Io stop a le_. Be swm_ of nmoff _u= f_ _n.u_l _. Do ao: :eI_:¢ w s_wu.s o_
wamnvays.

, , t ............ m" .... "' • .... ='"" ' "'" " • " " " ' .....

StabllKy/po}ylner/_Uog: o-DkJ11ombmx4_ is IUblc Ig_ Iz=q_lWa'c _ r,.k:m:lm_ta.mm,s _ nm.mt.l storage a,'_dh,_d1_g cor_diLiOr,s.
l.lu,_w _lymn'iza:._ gamotoccur.
Cbemic_IncampstibURJes:Thismazri_ ramruct vigomwlywitho'_ _ I/'o.dL=_lor_e b s_.dins_aJ_,_,_u__o_
uiners, a slow w,accion wi_ the skunLn_ mum _ w _ aplosk_n.
CondlUons to Avoid: Avoid h_ nazihot suda_s.

Hazardous Products of Dec_mpo_tion: Thu'm_ oxld_ve d,_omposiSunofo-di_bc_o.e_e cam_it toxi_ fumes of cl_o:_.ne ccr).

I I I I I I I .ha





|







No.409 C_! _I l_mm) 3J92

j i .,ction6. Health Hazard Data_continued :
_ _ft_ir,:and. mmvc,cgmmcfaba:_t_on, oomasnd6ea_CautJu:t__y__ &M_,wszgr_gofe .ndomamdtrw.'n_.,*of
w "_'nc._ op_ucr.ms _uzw_ lgurr_ vmomam4.--..-_ Ires of m6hL_ _ _, a _ _ _ _ _, _ _

Igmunds-tLk¢m_mll dm= a_vi ImnoTn_¢). _ m,m,z caw.s symptomsm|ntlnvgtssWIbo,rk.,_om, _ ,,,,4 _ _fvapog_h_a_on

• omg W.op_eca, w.couz --crlic or e_r..._mi_v*tocmoL
FU_T AID: Em_lrxc7 _m_ _ pro4_t q_ka mmaw_a_.
Eyes: C,¢_y rift_.lids aid fl-_, im_y and _---_nmm_y _ fk,cgti_ momm ofwsta sm_ snnCpa,ad m -,_ ematmgy m-,_'_ b,=_ty. Do

dose). At_ptnmvomlts,_wsamvaga_cham_mso_.ezwa_to._-_ A/tarflmal&l_tavv..5._als._daW¢l_num¢l_eem_mmft7
a,ed_c_ msppom.

m_di_dusu'_smzhyla_dqak_0_.G_g)0_Vl_,2:lMvolm_g_ ...._ trum_iJqp_ml_pm=dlpta_gl_qpw#.b_q_n=maof
olive oil

IH

or otheg _sm'tms, s_s_m_ mmm,iaJm_dplacz iato r.dm_e m_'m'_'. Fo__1_ 8FZLkcEkzf_ _md _ _ f_ _ _ m _ _

EcotnzkJty Vsdat_ B/ue 8_LTLu, 24 _ M (fnu_was_):,sl_, T/n, 10toI00ppm/4|la'(u/rwm_
SoftAbsoep_ms_Mobatt_:Cmag ismobi_inso_Ix=t_gk-psd_onispro_ _Is Wob_y _ duew mz_ mlzta_.
Dlspoud: C_ )_r ms_ili_ w alimmid mm.sc_ f_ dasilat _o_ Follow q_iclbic T,u6a_ -,_. Dd ioml_

s m_W (P.Q),1000Ib(4.q4kg)[_pa'IU_.A.Sw.3001ud CWA, Sec.$1l(bX4)]
d (_ my) m •SAgA _y _ _ (40 C_ 355)

• Wlz_ aqm_ n/qa md -_---_ed u 8 IsnaJou _uz fromJa_p_c m, aud b_ lhsatm Wire k _.

Go_im_ Wmr pnxe.mv_e_mm or ctza_sl m_w/irof.Slm or_Im _ ._m_:s q..-- dmpicu orspray._ _ _ _ __
x_ru_om (29 _ Ig] 0.133). _"--'- muma I,.,,. m_ ia mdum7 is _ mud_h ym_ m polZT.

_,s_OS H.-z;t_t _. _t,____ Im=,do=_ v,',,-_,,7to_ _ wmkm"l,mu=umforip,'u_ =m_.''mu,_ of
ab_ong mmu_m_o_ md pmma:e of m_m_z m_gm_ _ _0 W _0 p_ nm a _ _:e |m n_L _ _ w _ _ou (_g

naFk_m m_ _ CSHAnq_'_ •sur_mtmTWolgltom lm p'm=_/adu6m: mdmt,, tu4i_r,. _o_c an_xu_m_ _,_,_,-

qan_ a_L
V_t--m: _,,,_._ pna_ md k_ a_m _a_on Waz=u m mam_ d_mz u_om _k_ Oz _HA P_L_ 2_ Lo_

s_req Sumc_: M_ m_mbigin tl_ work_mm_ _ _om. s_'m'y/q_-dP--'}, dzowm-s,....4 _
Com,,z_ut_ _ .,_lmw ma,m_wd w_k r.kxha bu= zmm do¢laa.L*mx_ ml.mi=md wocg_'Z _ _. _¢ _

mmmal born _w slmm -.a clma pmoml Im_m_vz '_s/_mm_. .... ,.. .
Comsma_: _ It. dmL, w smo_z ia _ock mm.t.Pnta_ Iood pmma/h_az tflag tmng _ _ _y 't"m mlZml,drip, smoking,
m_ngtlz toga, or q_pty_g mmctic_

Section 9. Special Precautions and Comments "...., :-..._........ . :._:.-._.!/........ :..-.._ .... _._.......

vmzzz]m_i,-,-_,_m,.1'____,_'._bum lilht ud Ir,wp swsy homi,m=mpm_m _ _). Oum_ or '''_''_'_ mm'q_ is lm/m'm:LTo _ s,u/c rpm'kz,
ele_rimd.lygnx_ m_dla_l "n equ_"_" "'_ in grmol_ tme-,.mglm_m'te- ....
gmlgm _: To mda_ _ I.--_,h bgan_ _ _ dilumonm'h)m,I_i'_'_ vmuiLml_ m _nu_l _ _ _ m
ma,i,nt_ _c=z=zm,._om,,_tl_ Ira.ginpmmm_ lgved.

1Y_om i)at,s (4_ CFR I"/"2.101,.102)
_ Shlpplnl Niale: Csm_ I]VlOShipping Name: Cresols(o-, re-,p-)

, I P-_d CAMs=Cm_m_ _ IMO P-_I C_u: 6.1
' | a.:UN20_6 . lid No.: U'N_?6

i DOT Packal_ FmlqplJem:l_.2U _ Pag.k,aldnl Geoap: I]
I DOTPseUStu_I_quUsmnu:173.24_
I MSDSC_ _ 26,38,73,19,100,101.103,12,4,1_, 127,132,133,1_6,14.0,IS3, I_, 16.2:163,164

I i_wml by: MClmmo_,BA; ildum'/8,1IFlygtm_Review:PA Rc_. lYmPH,Ct]"].:M_lim,Iite'vlrw: XC l::_udml_, MPH,_ Edltml bT:.rRSu.an. MS m

mllmml_llm#llmlM_dml_._qimqlmmbmllmlmlm , • i mriidmmmm_Omml_ddm_mmmiim,mnmml r r I ii
mm am/amm_ mam_W _ m_ m k" qm_mm m dm _m / Pm_mm w k_ m dram

I
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One Genium Plaza Methylene Chloride MSDS No. 310Schenectady, NY 123044690

(518) 377.8854 Date of Preparation: 11/77 Revision: G, 6/94

Section 1 - Chemical Product and Company Identification 44!
Product/Chemical Name: Methylene Chloride
Chemical Formula: CH2C12
CA$ No.: 75-09-2

Synonyms: DCM, dichloromethane, l=reon30, methylene bichloride, methylene dichloride, NCI-C50102, SolmethJne
Derivation: Produced by chlcrinadon of methane.
General Use: Used as a solvent for cellulose acetate, adhesives, food processing, and pharmaceuticals; in degreasing and
cleaning fluids, paint and varnish removers, decfffeination of coffee, in propellant mixtures for aerosols; as a blowing agent in
foams, dewaxing agent, component of fire extinguishing compound, chemical intermediate, low temperature heat.transfer
medium, and as a fumigant. Formerly used as an anesthetic.

Vendors: Consult the latest Chemical Week Buyers' Guide. 03)

Section 2 - Composition / Information on Ingredients
Methylene chloride, ca < 100 % vol
Trace Impurities: Stabilizen may be added such as: amines. 4-cresol, hydroquinone, methanol. 2-methyl-2-ene. i-naphthol,
nitromethane ÷ 1,4-dioxane. phenol, resorcinol, and thymol.

OSHA PELs NIOSH REL DFG (Germany) MAK
8-hr TWA: 500 ppm" Carcinogen; lowest TWA: I00 ppm (360 mg/m 3)
Ceiling: 1000 ppm (2000 ppm 5 rain. feasible concentration. Category II: Substances with systemic effects

Onset of Effect: < 2 hr

peak in any 2 hr period) IDLH Level Half-life: 2 hrto shift lengthACGIH TLV Ca [5000 ppm]
TWA: 50 ppm (174 mg/m 3) Peak Exposure Limit:

500 ppm, 30 rain. averagevalue,2/sl'zih

I "Proposed changeto: 25 ppm (TWA); 125 ppm (STEL)

i.I Section 3 - Hazards Identification
, ,, , , I'T l , , ,, I '

_r_,_r'_,_" Emergency Overview _r_,,_'_,
Wilson

[[Methylene chloride is a colorless, volatile liquid with a sweet odor. It is imtating to the eyes, skin, and Risk
[[respiratory watt. At high concentrations it can cause r,a_osis (unconsciousness), Methylene chloride is Scale
[[metabolized to carbon monoxide in the body which contributes to much of its toxicity. It can form flammable R l
Iimixtures with air (forming toxic phosgene when burned) and becomes explosive when mixed with oxygen. I 3. , ,, ,, ,,, ,_,..... S 2"

K 1
Potential Health Effects 's_dn

Primary Entry Routes: Inhalation, skin and eye contact, sbso_tion
Target Organs: Eyes, skin, central nervous system (CNS), cardiovascular system (CVS), blood. H341S
Acute Effects H 2"
Inhalation: Symptoms include headache, giddiness, irritability, nausea, stupor, numbness and tingling of limbs, F ]

fatigue, anemia and polymorphonuclear ieukocytosis, digestive disturbances, and neurasthenic disorders R 0
(emotional and psychic disorders characterized by easy fatigue, lack of motivation, feelings of inadequacy, and
psychosomatic symptoms). Many symptoms are attributed to the metabolism of methylene chloride to carbon "Chrome
monoxide inthebody.The carbonmonoxideformscarboxyhemoglobinintheblood,whichunlikehemoglobin. Effects
does not have the ability Io carry oxygen. This lack of oxygen leads to CNS and CVS problems. However, CNS PPE +
effects have been seen in persons without a significantly elevated blood carbon monoxide level. *see s

Eye: Exposure to vapors produces irritation, tearing, and conjunctivkis. Dkect contact with the liquid causes
revere pain, but permanent damage does not occ_,

Skin: Contactisirritatingandcanbepainful(bums)ifconfinedtoskin(i.e.trappedunderglovesor clothing).Methylene
chloriderambeabsorbedthroughtheskintocausesystemiceffects.

Ingestion: Expected to cause gastrointestinal irritation, nausea, vomiting, and syszerr_c effects (see inhalation).
Carcinogenicity:IARC (Class2B,possiblycarcinogenictohumanswithlimitedhuman andsufficientanimalevidence),b,-f'P
(Class 2, reasonably anticipated to be a carcinogen with limited human and sufficient animal evidence), ACGIH (TLV-A2.

I _" suspected human carcinogen as agent is carcinogenic in animals at dose levels considered relevant to worker exposure but

_-.I. _" insufficientepidemiologicalstudiesareavailabletoconfirmanincreasedcancerrisk),NIOSH (ClassX,carcinogendefined
withoutfurthercategorization),EPA (ClassB2,sufficientevidencefromanimalstudiesandinadequateornodatafrom

epidemiologicstudies),andDFG (MAK B,justifiablysuspectedofhavingcarcinogenicpotential).
MedicalConditionsAggravatedby Long.TermExposure:Skinandcardiovasculardisorders.

CvpVnl_ht @ 1994 by C,eatttm Publt.thml_ Cot"po_uon A.rty¢ommuc_aJ _ o_ It,'_'o_,uctao_ wtt.ho_ut_ _ubh_'f x Ix'rmltsaon ts pro/_li_Jtce_ Ju_frncnu _ to _e t,.u,_L,_, cl jr_o_'n_,t_ hecr:r _.-."_..' p;._r.,t_'_ t
IXlfl)O_5 It_ If_a,_y the pur_fta_r i i,_,spon_bd_l) AJthot)fh _a.tor_t,)e t'_ *.ca eee_ uut_ m _t. Wt'_u'tu_ o) tuc)__).tto_,_l.,,aol_C_f_.u_ P_llSh:_f Cr,r'porau_n ¢stea_ _o .itn&nut_, t_4t_et_'
It_rtMItt/ttl_t. _ Itl&tr/_e.Jno II_SpO_lbtJtly IJ tO7J_f5gg'_) Otf, ttll_lYth_ O__h mlorrr, tuoJ_ I_ _ptt_tuor. re"_ purcrauer s rate,or: purpose r_r lot ¢nria_f*X'f_ c: *t_u_



MSDS No. 310 Methylene Chloride 6/94
[ Chronic Effects: Repeated skin contact can cause deem•tiffs. Liver disease has been reported. Case Reports: i yr exposure

_-_ caused toxic enceph•lop•thy (toxicity of the brain) with audio and visual delusions and hallucinations; 3 yr exposure to 300 to- I 10CK)ppmcaused memory loss, intellectual impairment, and balance disturbances.

"_ther:Methylene chloride will cross the placenta. The estimated lethal dose is 0.5 to $ mL/kg. Although methylene chloride has
a distinct sweetish odor, it is not recognized •t levels low enough to protect _om overexposure.

Section 4 - First Aid Measures

Inhalation: Remove exposed person to fresh air, administer 100% humidified, supplemental oxygen and support breathing.
Eye Contact: Do not allow victim to rub or keep eyes tightly shut. Gently lift eyelids and flush immediately and continuously

with flooding amounts of water for at least 15 rain. Consult an ophthalmologist if pain or irritation persist.
Skin Contact: l Q_[ckly remove contaminated clothing. Rinse with flooding amounts of water for at least 15 rain. Wash exposed

arm with soap and water. For reddened or blistered skin, consult a physician.
Inpst/on: Never give anything by mouth to an unconscious or convulsing person. Contact • poison oontrol center. Unless the

poison conu'ol center advises otherwise, have the conscious aad alert person drink I to 2 glasses of water, then induce vonuting
Ipecac syrup. If vomiting does not occur, the decision to perform gasuic lavage should be made.

After flrst aid, let appropriate in.plan_ paramedic, or community medical support.
Note to Physicians: Lethal blood level = 280 mg/L. Biological monitoring: carbon monoxide in expired air (nonsmokers only).

Recently, methylene chloride concentrations in urine have been found to conclate wall to concenwations in air.

Section 5 - Fire-Fighting Measures
Flash Point: Methylene chloride does not have • flash point by sutndardtests. However, it does form N]_A

flammable mixtures with air.
Autoignitinn Temperature: 1033 "F (556 "C)
LFL: 12% v/v
UFL: 19% v/v

LEL: 15.5% (in oxygen)
UEL: 66.4% (in oxygen)

Extinguishing Media: For small fires, use dry chemical or carbon dioxide. For large fires, use water spray,
fog,orregular foam.

Unusual Fire or Explosion Hazards: Creates an explosion ha,_rd if allowed to enter a confined space. Container may explodei _heatoffire.

.,_zardouaCombustionProducts:Hydrogenchloride,carbonmonoxideandphosgene.

FL,_FighflngInstn_ctlons:Applycoolingwatertosidesoftanksuntilwellafterfireisout.Stayawayfi'omendsoftanks.Do
not release runoff from fire comrol methods to sewers or waterways.

Fire-Fighting Equipment: Because fire may produce toxic thermal decomposition products, wear • self-contained breathing
apparatus (SCBA) with • full facepiece operated in pressure-demand or posidve-pressuremode. Structural firefighters'
protective clothingprovides onlylimited protection.

Section 6 - Accidental Release Measures

Spill/Leak Procedures: Notify safety personnel, isolate and ventilate ares, deny entry, and stay upwind. Shut off ignition
sources. Cleanup personnel need to protect against inhalation and skin/eye contact.

Small Spills: Take up with earth, sand, vermiculite, or other absorbent, noncombustible material.
Lar_ Spins

Containment: Dike far ahead of spill for later reclamation or disposal. Do not release into sewers or waterways.
Cleanup: Damp mop any residue.
Regulatory Requirements: Follow applicable OSHA regulations (29 _ 1910.120i.

..... Section 7 - Handling and Storage
Handling Preesutlons: Do not use near ignition sources. Wear appropriate PPE. Do not use plastic or rubber hose for unloading

lrucks or tank cars unless the materials have been tested and approved for methylene chloride service.

Storage Requirements: Store in a cool, dry, well-ventilated area•way f_om heat, ignition sources, and incompatibles (See. 10).
To minimiz_decomposition,allstoragecontainersshouldbegalvanizedorlinedwithaphenoliccoating.Indoorstoragetanks
should have vents piped outdoors to prevent vapors from escaping into work areas. Prevent moisture from entering tanks.

Section 8 - Exposure Controls /Personal Protection
Engineering Controls: Do not use closed circuit rebrear.b.ingsystems employing soda lime or other carbon dioxide absorber

, "-4:ameofformationoftoxiccompoundscapable ofproducingcranialnerve par_ysis.To prevent staticsparks,electrical]).
1 oundandbond_IIequipmentusedwithandaroundmethylenechloride.
"_Vontllation:ProvidegeneralorlocalexhaustventilationsystemstomaintainairbornelevelsbelowOSHA PELs (See.2).Local
[ exhaustventilationispreferredbecauseitpreventscontaminantdispersionintotheworkareabycontrollingit•titssource(103)

[ Admlnictrative Controls: Consider preplacement and periodic medical exams of exposed workers with emphasis on skin, liver,

I CNS,CVS, andblood.A completebloodcountshouldbeperformedandcarboxyhemoglobinlevelsshouldbedetermined

Pagf. '_of 4 c,,_nwh_ ¢ 19_, C,cmuml_bh_n t Cm_"Juon ,_ commer_.__ or_prm.cuo'_. ,,,.mo.:u_ pu_,ner s_'n_u,s or,u r,ro_b,u_cl



6/94 Methylene Chloride MSDS No. 311
periodically.Any levelabove5% shouldpromptinvestigationofemployeeandworkplacetodeterminethecause(smokerswill

" already have an increased level of carboxyhcmoglobin and are at increased risk). Use less hazardous solvents where possible.

i Respiratory Protection: Seek professional advice prior to respirator selection and use. Follow OSHA respirator regulations f29....._ CFR 1910.134) and, if necessary, wear a MSHA/NIOSH.approved respirator. For any detectable concentration, use any 5CBA
or supplied-air respirator (with auxiliary SCBA) with a full facepiec¢ and operated in pressure demand or other positive-
pressuremode.Foremergencyornonroutineoperations(cleaningspills,reactorvessels,orstoragetanks),wearanSCBA.
Warning/Air.purifying respirators do not protect workers in oxygen.deficient atmospheres. If respirators are used, OSHA
requires a written respiratory protection program that includes at least: medical certification, tra.ining, fit-testing, periodic
environmental monitoring, maintenance, inspection, cleaning, and convenient, sanitary storage areas.

Protective Clothing/Equipment: Wear chemically protective gloves; boots, aprons, and gauntlets to prevent prolonged or
repeated skin contact. Polyvinyl alcohol and Viton laminated with Neoprene are suitable materials for PPE. Natural rubber,
synthetic rubbers, and polyvinyl chloride do not provide protection against methylene chloride. Wcsr protective eyeglasses or
chemical safety goggles, per OSHA eye. and face-protection regulations (29 CFR 1910.133). Contact lenses are not eye
protective devices. Appropriate eye prote¢tion must be worn instead of, or in conjunction with contact lenses.

Safety Stations: Make emergency eyewash stations, u.fety/quick-drench showers, and washing facilities available in work area.
Contam;-ated Equipment: Separate contaminated work clothes from street clothes. Launder before reuse. Remove methylene
-chloride from your shoes and clean personal protective equipment.

Comments: Never eat, drink, or smoke in work areas. Practice good personal hygiene after using methylene chloride, especially
before eating, drinking, smoking, using the toilet, or applying cosmetics.

Section 9 - Physical and Chemical Properties
Physical State: Liquid Other Solubilities: Soluble in alcohol, acetone, chloroform,
Appearance and Odor:. Colorless; volatile with a sweet odor. carbon ten'achloride, ether, and dimethylformamide.
Odor Threshold: 205 to 307 ppm Boiling Point: 104 "F (40 "C)
Vapor Pressure: 350 mm Hg at 68 "F(20 "C);440 mm Hg at Freezing Point: -142 "1=(-97 "C)
77"F(25"C) Viscosity: 0.430cP at 68 "F(20"C)

SaturatedVapor Density(Air= 1.2kg/m3,0.075Ib/ft3): RefractiveIndex:1.4244at68 "F(20"C/D)

2.256kg/m3or0.141Ib/fl3 SurfaceTension:0.5to2.3g/L(inoxygen)
Formula Weight: 84.9 Bulk Density: 11.07 lb/gal at 68 "F(20 "C)
Specific Gravity (}I20=1, at 4 "C): 1.33 at 15 "C Ionization Potential: 11.32 eV

_ Water Solubility: 2% Critical Temperature: 473 "F (245 "C)Octanol/Water Partition Coefficient: log Kow = 1.25 Critical Pressure: 60.9 ann

Section 10 - Stability and Reactiv/ty
Stability: Methylene chloride is stable at room temperature in closed containers under normal storage and handling condi_ons.

Tends to carbonize when vapor contacts steel or metal chlorides at high temperatures 572 to 842 "F(300 to 450 "C).
Polymerization: Ha,a,xious polymerization does not occur.
Chemical Incompatibilities: Include aluminum, lithium, sodium, aluminum bromide, azides, dimethyl sulfoxide + perchloric
acid,N-methyl-N-nitrosourca+ potassiumhydroxide,sodium-potassiumalloy,potassiumr-bmoxide,dinitrogenpentoxide,
dinitrogenteu'aoxide,nitricacid,andoxidJzen.Methylenechloridewillattacksomeformsofplastic,rubber,andcoatings.
Corrodesiron,somestainlesssteel,copper,andnickel.
ConditionstoAvoid:Exposuretoheat,ignitionsources,andincompatibles.
HazardousDecompositionProducts:Hydrogenchloride,carbonmonoxideandphosgene.

Sectionll-ToxicologicalInformation
Toxicity Data:"

Eye Effects: Acute Inhalation Effects:
Rabbit, eye: 162 mg caused moderate irritation. Human, inhalation, TCI.o: 500 pprrdl yr (intermittently') caused
SkinFATects: alteredsleeptime,somnolence,andchangeinhem rate.

Rabbit,skin:810rag/24hrcausedsevereL,'ritation. Human,inhalation,TCL_:500 ppm/8hrcausedeuphoria.
Ca_.inogenicity: AcuteOralEffects:

Rat,inhalation:3500ppm/2yr(intermiaent]y)caused Human,oral,LDLo:357mg/kg causedsomnolence,paresthesia.
endocrinetumors, andconvulsionsoreffecton seizurethreshold.

Mutagenieity: Rat,oral,LDs0:1600mg/kg

Rat,oral:1275mg/kgcausedDNA damage. MultipleDoseToxic|D'Dam:

" Human, fibroblast: 5000 ppm/l hr (continuously) Rat, inhalation: 8400 pprrd6he/13 weeks (intermittentl)) caused
caused DNA inhibition, changes in liver weight.I

i t

_i_k See NIOSH, RTEC5 (PA8050000).foradditionaltoxicitydata.

CIl,_ssflslr.I_ C,e.mmFu_i_.'_m!Cm'pomuoa,_,rommtr_a_w.cof_.'p'_.o_wsu_o.1use_Dlu,aersperm_Jo_,proh;b;_C IDa_f ._Of
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' Section 12 -Ecological Information
i.

Ecotoxicity: Pimephales promelas (fathead minnow), LCs0 = 193 mg/1296 hr; l.epomis macrochirux (bluegill), LCs0 = 230

i m_lL124 hr; Poecilia reticulata (guppies), LCso -- 294 ppm/14 days. Cytotoxic to plants.
avironmental Degradation: In air, methylene chloride degrades by reaction with photochemically.produced hydroxyl radicals
(half-life= afewmonths)butdoesnotundergodirectphotolysis.Degradationproductsincludecarbonmonoxide,carbon

dioxide,andphosgene.Inwater,itisremovedprimarilybyevaporation(est.half.life= 3 to5.6hrundermoderatemixing
conditions). Some may biodegrade but it is not expected to adsorb to sediment or bioconcentrate. If released to soil most
methylene chloride will rapidly evaporate. Some may leach through soil. Methylene chloride will adso_ to peat moss but not to
sand.

Section 13 -Disposal Considerations
Disposal: Pour on sand or earth at a tare distance/location from occupied areas and allow to evaporate (most is u-ansformed to

carbon monoxide). A good candidate for liquid injection, rotary kiln, or fluidizad bed incineration. Investigate biodegradation:
methylene-chloride is reported to completely biodegrade under aerobic conditions with sewage seed or activated sludge
between 6 hrs. and 7 days. Contact your supplier or a licensed contractorfor detailed recontmandations. Follow applicable
Fe_deral.state, and local regulations.

Section 14 - Transport Informationi

DOTTransportationData(49 CFR172.101):
Shipping Name: DichJoromethane Packaging Authorizations Quantity Limitations
Shipping Symbols: - a) Exceptions: 173.153 a) Passenger, Aircraft, or Railcar: 60 L
Hazard Class: 6.1 b) Non-bulk Packaging: 173.203 b) Cargo Aircraft Only: 220 L
ID No.: UN1593 c) Bulk Packaging: 173.241
Packing Group: rrl Vessel Stowage Requirements
Label: Keep away from food It)Vessel Stowage: A
Special Provisions (172.102): N36, TI3 b) Other: -

Section 15 ,Regulatory Information
EPA Regulations:

"_tedas a RCRA Hazardous Waste Number (40 CFR 261.33): U080
_ted as a CERCI..A Hazardous Substance (40 CFR 302.4) per RCRA, Sac. 3001 and CWA, Sec. 307(a)

CERCLA Reportable Quantity ('RQ), 1000 ib (454 kg)
Listed as a SARA Toxic Chemical (40_ 372.65)
SARA EHS (Extremely Hazardous Substance) (40 CFR 355): Not listed
OSHA Regulations:
Listed as an Air Contaminant (29 CFR 1910.1000, Table Z-l, 2-I-A)

Section 16- Other Information
References: I, 8, 73. I03, 124, 132, 136, 148, 149, 153, 159, 187, 190. 192, 194, 195

P_pared By ................................ M Gannon. BA
Industrial Hygiene Review ......... S Gilson, CIH
Medical Review ........................ J Brent, MD, PhD

Disclaimer: Judgments as to the suitability of information herein for the purchaser's purposes are necessarily the purchaser's
responsibility. Although reasonable care has been taken in the preparation of such i_ormation, Gemum Publishing Corporation
extends no watramies, makes no representations, and assumes no responsibility as to the accuracy or suitability of such
information for application to the purchaser's intended purpose or for consequences of its use.

I
Pa_f d Of 4 Copyntm ¢ I_ C_mum_.b_m t C_hor_uonA_, ¢o_.m¢_ .. or t.vr_._,, -t,._outt_. _.bJ_hr,s gx'_._]o_, prohLh_ •
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,. _Section6. Health HaT_rd.UtiCa t _o_ ./:_:._!!::_._.i_i: ;i:._-i.:_i:/i.::!:i_./_/:_:._:_ii:i:il:i:i_::::_:.i!:_i?i_:!_._.;_:.:!!:_._!_i_._i.:._;Si_/./_!:_i_:_._:._!_::...iiii_!:;i!:ii!i!_:!!_.._:.__i._i._i!!_.:_i..-:i._..i:i: . ,

,_t_lical' ConditionsAglp'av-*!_ byLong.Team Exposure:Nervous.live. kidney,orskindixm&u_. Tm'lpt Orilam" L.iva, kidney,ey_
,.._ ycrp_,_ry :r,=. skin. md r_md nervous system. Prtmm 7 Ena 7 Roum: L.duJm_onmd skin and _ croup:. Acute Eff*c_ Ex'pm=_ to

........ levcb mmr.tule liv_ da.q_p wldcb may Like,everld wedra I_develap. Vqx_ _ _ _ _ _| _ _ _ _ _ _m
,ncencenuazions), In homan smdks, expmurem2g00 _ mln¢mumdmud CNS deprmai_ 600 ppm/l 0 ss_ canmd numbings smund the

mou_. d_zzm,s. _md_; ]00 ppm_ In,causal mud eye., eme., and _roaz irrim:ion,flushing ofd_ face ,nd neck, he.id_h_ wmno*
ienc¢, lindslurredspeech. Sld_ cm_s_t may p_duce dermatitis because of imrddm'mthylcr_'! rids:fin| action (mc_ comm_ a.t'_ r_e.gw_
exposure).DUe_ eyecontact_ _n 8 and Imn_g but no pm'm_mt d_¢. _a_esdon is _ but _ _ _'iLifion of the lips, mouth _id
|ua'omu_d_d u_. ix'_lul_ bem'_bur.,mmmm& vcr,_t;%_ dim_h_t (.xx_m_lybbxxl stained), drowsiness, m_:on,_omn'_ and ri_of pM.mo*
nm7 edema (fluid in lungs). Clu'_k ]_l'ecls* Pm]onlp_d_pom_ can cm_e impend memo_, exlx_ni_y (hands. fee0 w_dme_, p_ipha'd
n_mp_ impd_l vixim_mme.__ liv_ dmm_ (fan),d_sen_m_on,_i_ yellow_ mxl_ m'i_e)sadkicln_cLm_e
(olJguri_ u_mi&, c_._fion and/lx_mulm'mveJ_g).

Eyes: Do _: ,_ow _ to mb or k_p eyu tightly shut. G_tly lift ry_ds midflush inmu_,x,ly md umd:xnomJy with fi,_,_,nt smo_ of
wa_ ,mall_r_m_x_d m ,n emerlpm_ m,dimd fm:iliry._mm_h • physi_hm immedL,:_y. SkJa: _m_t/y nm_, mnmmiam_ rJodd_t.

iwith flooding lu_ut_ of _sm' for M|asX 15 _ Wash apo,_l m'_ wifl_ rasp s_! w_. _ _ at"b]Lslm'sd_ _ • pbyaici._.
Inh_ation: Remove*xpoHd penon to frmh air and a_q:,on b,mad_l; a,s_ Ntv_ adm_._' ndrtn_/_J I_gmtlmu Nev_ Ili,m_ythi_g by
mouth to amunconscious or _nvub_l pa_n. _ • _ cxx_ml_ andurdmsoma'w_ _ 1_8 d_ _U_mdUrmd,,;-n permn

I m2 jim of w,m_, Ibm indm_ vm_irql. Be su.mvkgim'J head is-__-',t_! to avoid mq:_nuioaof vmnim_ imo d_ hmp. Note to
Pbyx4cbm: Monitor level of mnmk_mm_ _ (abnon_-_"- mrs' _ chronictozklrD, b_od em'*/m_levels (Ex 2 m $ _k _

ofworkw_:; C_'_ inblood(I m_L),mmpkpriormIra:sldhof workweek:m:tdm_,mn:,rodm_ (7ms/_),mm_pk8xmdofw='kweek.

Section7. Spill,Leak_ " "' " ' '................................._........._................................................................................ ::" _- ":'"'*:'""': ::"'.z_:::'_ '-_:;::. "_:':::_ ::'.::_'"::::":¢*: ,_:_' -::: "_":.¢:::::_-" :: ==========================================="'

Spill/1.&ak:Notify ud'ety persanml, imlue..rod venSh:e arut, deny e.nm/, _ stay qm, bxL Sh_. o._.ilp_iSm sounm (sldm_b aor,_m_bm_b_ it
forms m_ vqxxl _ d_x_ud _). Fm _ _ take uP w_h m_d_,mind,v_li_ _ _ ,b,mbcm, n_mmlxma'b_

mazeda_and pla_ in suiud}le contalners fur laxer_ For hnql_spUls, d_e fsr aheadof spill _ _ __ _ _ _ _
release in excess of l lb. FoBow_q_l_k OSI'iAm_ 'b'm (29 C'r"R1910.120). gavtnmmmttl _ It_*o so_t.per_,_meth.

i mmerobicsoils. In wa_, it is ambje¢tto rq_ki vo_on wish amcstlmated kaY'-Erefrom <1 day to aevmd weeks. In mr,iX_ madn]ym the
vapm.phase and is sub,o= to ld,___-_,_- 'b,,, with • half.li/e of]0 minutes ta 2 months. Emmxielq' Vahas: Crappy(Pa_c/Zia mdcu/a_a), _ =

tion. ApotenthdcancSda_fmsutmTki__naxtS08a_2912 F(l129wlS00 C)orfinidixodbed_aXlt421olT_5 P(4_0m
9SO"C).Con_t yo=supplieror, liamsed_mraeta,fo_det_ed ngemmmduiom,r.oIIowq,plimbleFeder_,stm. sadloudres_tiom.
EPA De,d81_Uons OSKA DedS_U_om

• "edas • RCRA HazardousWane (40 _ 26133): No. U210 Listed as am/dr _ (29 CFR 1910.1000,
d as • CERCLA H_T.m'dousSubtotal* (40 _ 302.4): Fund Reportable Table Z-l-A)

,,_u'd.i_ (RQ). 100 Ib (45.4k_ (" per CWA _ 307 (a)]
SARA ExlTemely ].b_mdom $ubrmme_(40 _ _), TI_: Not listed
Listed u a SARA Toxic Cbmdcal (40 _ 3T2.65)

Section 8._:Specia] ProtecfionData :::':::i_i_i:_i_i'::.:.:ii_:_:i_i:i::_::i_.:_:_:.:_i_/:i_i_:_i:_i_::_:/.?:i_!._::..:__:_:_:_i_/.::_i__i_..._ii_!_//i_i_!_ii_i_i:_i_iii_i!ii_i_i_i_i_i__._=?_::_.- • , , ' '" ':" _ "*; " : ,"'i,",;:" _'";',';; ....... " ......... "................. ";""_";;,, " ....

Goggles: Wear• feceddekl (8 inch minimum) per OSHA eye- and faee.protmtion _l_latiom (29 CFR 1910.133). Became eorm_ t,,,,, use in
inclusa'_b _ mmbtid__ ownpolicy.Re_pi_U,n Seekprofession*/,dyke prim ,o mqdm= mdm_a *._ m_ Follow OSHA
n=pb'az_ uqrulafiom (29 CFR 1910.134) and. if m_mMr_, _ •MS_OSH-_ ...v;.-mr. Far my demm_k commursxi_ use •

SCSA • in ffiopamsom(ck_ spills,re.aca_vmse.lkw ma.qetanks),w_r -,, SCBA.Wa,_. Av-pr_mt v_rmor, _onotpro_c_wo_zer:m

n'ainJnL fit.ummf, periodiczm,m_mm_ ss_ _ mspecuoe, ckazd_, and _onvement, samtm_ mmrMem. uwer: wear
-chemic_y pretecSve Ik_ves, boots, apmm, and |annfim made of bmTl rubber.Neoifme, or Vimn to prevent skin cmtact. VentLiatJon:Provide

work smam'nerllen_ eyewash smnom,sde.r//quick.dnm_Imoq,_rs,.s:_ .wst_. | tammxs..um.sin. "_. m,..menu -_par_.mntam_-,,_
w_.k ciox_ fromsmm _ md immd_rbdm nm_- Kanove dxismam_ bornyore'sa_mmo _an _ _vz _m_
Commms:Nev_est._ msmol_i__ mL Pm:d__ pmomdb)'ll_odu=.,;_ dd,mm=iM,mp_i-"ybdorea_in&drinkins,
smoki_ ,ui_ e,, =Oct.orq,Vb,laSma_'_,
Section ........ . .......................................................... ............ ...........................- "r'----

Do not slme dadse bern vapor_ m u..gh.dy4mled om_mmn am _ oa_me um _, amnil._. _q_m..en_ ._ous_ots:To
mdlm_ Ix_m_hd__*_' _ use m_m_ di_bon m k_l _ v*.,,._,*,,.n to comrol _ cmununams an_ m mmnmm_u',dom

_ommu._ alltanksbdmeem=mSforrupmuord,a_up.Buiklad_ramoundstm'80um_ capote mcemsmmstll ti_ liquid.Ground

unphm_ live. kiddy, md _ syman rum=ion, s'*dfl_ sl_. Ai_boLism _ _ * _ _.

Trmmlxrtafloo Dam (4P CFR 172.101)
•_,,'r SMpptnl NmH: T__ylene Packal_ Autbortzaflow Quantity Llm_tafiom

Hazard Cms: 6.1 a) EzceptJons: 173.15_ s) PmsenS_ Aircraft or Ratkar:. 60 L
b) No_-tmlk Ps_ksgtnl_ 173.203 b) _ ALra._ O]dy: 220 L• ,o-UNIS_

. _T I_ Ormsp:HI c) _ Packqih_: 173.241 V_I $unea4_ Requtremuts
]-DOT Label: l{eep swty _ food s)Veml S,omqr_ A
i Special Prevkiow (1T2.102): N_.TI ..... b) Ot_r:. 40
| MSD$_ ilafwmcm: 26.73. 100,_101.103,124. 126. 127. 132J33, i40. 1441_1_. 153,159. 163.1_,_.167. 1_. 171.174. 175, 176.18_
| Prepared by: M C__._'._,_,BA_lst,duJt_q&lHy_me ik_. D W'dscn,C2}.I:Medlcsl Re'vk0q_.WSib.ennm_m_.,
i _--__._lll}|_li_('l I i""_d_. C--_----- Ai_ I_1111__ _ -- --_ii_,imma*J"dmi_i _-- _ii_j_" ..... _ " _liUMli_'_i_! ii_r_ II"_&l_

m.mmdd_mmJmmmm_m__..aWdUm/mmmmpm, smm_---.-,-dmmlm, - . - elmira
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(518)377-8854
Issued:11/75 Revision:F, 3/92 Errata: 6/92

Section 1. Material Identification •:.:::_...,:.:,-_:.!:_:.::;:.,......... :._...i:_:.:_:.._:::._:!::v:i.i._:_:_:?_._:_::::_:__.:.,-:_.:.-,:.._:_.:-.:..:._::::._:_.:.::..:_._,.::?:...:::.•::._-..........

diff'. °nlY.in _ tm°unt °r sty. "."._ added to Prevant .n_.tal Pro'as_i_ Us_ u • _lv_ for o_ _ _ _| S *
]nectst°n msmunents' and Pesucides; us a .c.°n_.... ent °finks and d.:_."clzan-m; m deuea'sin$ mea.ls, and texdk Pmce-ssin;" K
tn recentyears, _l cldmoform has found ws_d use us t •ubsutnte for carbon toa'uchloride,

ManufictarenConmctyo_s_F_erordisnibutor.Consultlatest_dW_a_: Gt_k,t'_Jtor•mpplknlisl. F 1
Cautiom: Methyl chknform is a skin. ey•, and rusplr•tory mtctirritant and ma becom mrcodc wlthan anestheticaffect u kigh R 1
concenmmmuc PPG*
• Dm oe skin,lampem viame•94 ddardmm b conftiaintm3) Seine sm_u showdtfinks,bsorpdm whm o_n dm'c *Sec. 8

- Section 2,::.Ingredients and Occupational Exposure Limits :.:_ii_:/i,:i_::.::,!_:_ij;_:i_/::_?:._:_:/:!_/i_!!_i:.i_ii_:_-.!.!=!_ii:i.:_._:.".:._::i_
Methyl _"dorofo_n, ca 92 to 97%*

1990 OSHA Plla ltgl._ ACGIH TLV• LgL.q.8_TozJclty Data_'
8-hrTWA:350 ppm (1900 mg/ms) . TWA: 350 ppm (1910 mz/m_) Hmm.n.ond, TI_: 670 ml/k| produced dim'bin, museL and
l_min ST[L: 450 ppm (2450 m&/m_ STEL: 450 ppm (2460 m&/ms) vomiting

1990 IDLI/Level 1990 DFG (Germany) MAKs Humsr_ _ I,Cta: 27 ghnS/10 rain; toxic effects not yet
1000 ppm TWA: 200 ppm (1080m&/m_) reviewed

Kn.I/-lff¢ 2 hr to dd$'tlength Man, eye:4.50ppm/g hrpm_$-___,__irri_,dcm
1990 N]OSH REL Peak F.xpmwe L_ 1000 ppm/30 Ra_ _n, TC_: 2100 ppm/24 hr for 14 days prk_ to _
IS.rain Ceiling:3,50ppm (1900 m&_ mi= (•vzrtge value)/2 pa shLft matin&and from 1 t° 20 days °f prelp'_'¢Ypr°duced spocific

developmental •bnom_des of the musculoskelstal sy•tem
• Methylchio_mm sumlJya_ttim _ 0 w 8'g) to _ t,_,_m of alaminmnmi sane othertotals. Typimlinb_ton m_ _c_ Imtylaz
mi,b. _,__-,_,ul_batylslmhob, kemou, and|Jyool dies•re.
'tSee _OSH, A'r'r_$0Q2975000). for tcktitimsl inhadon, mmadm,mpmd_dve, stud_ data.

Freezing PoLut:.22 "P (.30 "C) Density: L3376-at 68/39.8 *F (20/4 "C)
_J eouthgPoint: 16,5"F(7_ "C) Molecular Weight: 133.42Vapor Pressure: 100 mm Hg at 68 "F(20 "C) Water SolubnJty: L,umluble

Vapor Densl_ (ak • 1): 4.q_ " OSier Solubilities: Sol_bk in acetone, alcohol, ashy, benzene.,
CorrusMty: Rmdfly _ aluminum _ ks alloys carbon tzc,achloride, and carbon_de
Refraction lnda: 1.4376.5 at 69.8 "F(21 "C) qt in Sa_rated A/r: 16.7q_ •t ")7"F(7,5*C)
Vtseoslty: 0.858 cP st 6g *F(20 *C) Relative Evaporat/oa Rate (butyl acetate = I): 12.8
Appoanmm Id Odor: Colarlms liquid with a sweetis_ chlorofoem-like odor. Tho odor thresholdb 44 ppm.

Flash Pot-t: No_e (in conventions] CC tzars) JAutol[_nltion Temperature: 932 "F(.500 "C) [ L,EL: 7% v/v IUEL: 16qr_v/v

F,xttnguls.htngMed/a: N..onc.ombtmib_ liquid whose _,aporburnsin the presence of _ce_s oxygen or • s_.ng ignition source. For sm_ f_-es, use
drychermctl orcarbon _ (..COl)._ l_r.pe f_es use fog or _ .g_ _oa_. If _ _ m umvtilable, • wat_ spraymay be used but be
aware thatwata reacts slowly wiLhmemy_c:uoromrm .tor_esse nyamcmonc acia.
Umtsual Fire or Explos/on.Hazards: Vapors.ara heav_orthan en sad may nv•] to a s_on s igni.donsourceandflashtack. A/r/vapor mix_ may
explodewhen he•rod. Co_ may e.xp]odem hut off:re- .Expose. w open _ ..or8re wcidm_ canproducehydrogen chloride .ar_.dphosgene.
Spocla/FL-e-flghtin_ Proce.dures:Methyl chinrofm_., s burmng_ ts 2.9 mm/?_.." . Since fire may pmduc.e.mz_ctlammJ decomposmon produca,

• im_f_ br_.'ng a_ (SCB.A) w_th• full.f.sczpmce,ope_. ted m pressure.demand m"pos_vz.pressm'e mode..$_'uc_rel tar•fight.
as pn:uc_vzclo_'_ provxms_t_ _n. w•ar ctommg spocmr._jy r_ommemied by the manuftctm'm"for use in fh'es involving methyl
chlomfcam.Apply cooling, warn=to contain_ s/des until tfu= xwe is extinguished. Stay •way from ends of tanks. Isolate arm for 1/2 mile ff fire
involves tm_ a'ack orndJ ca:. Be aware of runoff from f=e controlmethcxis. Do not mica.s• to sewers or waterways.

Section 5. :Reactivity Data ...,__. ....... ::: .:-' :":......:.".,_ : . _ :.._..... ::-i_.<,.!:i:.._:i:!-:::::: :.. : _: .... •
,qtablllty/Po/yItr ./_t_. _ Methyl .ch_form is ._ab_ at ruc_ _• in gioted _mainm under nem_ storage and _ cond_ons.

Q_lalml laenmpatlblllt_: Methyl chk_f .ormtt mcumpatab.lewith sod:urn hyd_._l, e, ni_ge_ m_.ox_le, oxygen flkluld or Sat), strong o_dizen,
m_l _y ucdve nw,m.islike aluminum, zinc, and .t_gnes.mm pow..a.en;rmc.ts vtolontly with caustics to form dicklorm,ce._ylene;rmcu slowly
withWSt_ toform hy_echlorlc acid; forms shock sonsmve n'uatm_ wun potassmm: and polymmzesincontact with sduminumtrichloride.
CoMltlom to Avoid: _xpmm_ to moisture, s_ong ign.ition sara'ca, an.d..arc.waiding units, and contact with incompatibles.
_J_vtvdo_sPl_t/Of Decomposition:The_s/oxidative_s_uon (tempmmres >500 "F.,contact with hot mere.l.•,or undor UV rays) of
me._yl chinmfarm can l:_duce carbon d_oxade(CO_ andre.nutdiddoru_ce_ylena,hydrogen chJonde,and phosgene gues.

Section6.HealthHazardData • :._..:1:":""""._4:O""_.."::'4":"":[.:q.:.:._":""""""...."""......d'1'"'"":"'"_''
CarcJnolenlclty: The IARC (Ckss 3. inadequateevidence), (u'_ NTP.(_ and OSI-LA"_ do not Listmethyl chlon_formts • car¢inogem.
Summary of Rbks: Methyl chloroform is co.nsid.e_. one of the l_,st toxic .ofthe Ikluid ¢.h]orinttedhyd:ocarhons.It is irritating to eyes, skin,

_f _r_4_¢rPirttory .m¢LA1thou_h._wm sy_tem_¢tox_¢||y_me4hy_¢h]or_form" anan.usth_u¢capab]__ "using d"th at _dgh=nr_en=_ (_ _5_area o! expmm'e, ta_e many outcr soJvents, matnyt ctum_zcrm sans_uze,s _ nu.rt to _mepnrme (blood preuure.raising hormone) and rnsy indt_ce
w_y_u andtnu_

Medics/Conditions Aggravated by Leng.Term Exposure: None reporu_J.
Target Organs: Skin, eyes. can=al nervous (CNS) and cardiovucular (CVS) systems.

CoraL,_e onn_J pa_e
a |_1=_mn _v/,,s_ CalwHm
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. [ Section 6. Health l-lnT_rd Data, continued : ' " .... "" _+ " "" "_ '': "' "*" " ._:'_:"= "_': ":'?_: " mr' ....

PrlmarjrEntr7

Dnce.n:mtionsmaylindm CNS deprmsimx,unoonsc_ommms,azsi¢ornLDm_.|s.60-mxn_ _ _e _f_ _ ob_ I00ppm._m.e
I Contactwitheyesproduceskrits_m andmildconjur_c,uv_m.vapormmLmuo.ncancau_.rmascne,m--.mzss,equmnnummstm'_nces,snam m.|n.

d_servedodordTesl_kl,it 500_ then is obvious_ 8mldeceasedreac.ucm.umz, .lt_ Fprnes..uses...slJ_t.e_u._.'l=iumloss,at5000ppm_ as

CNSdei_essionm_vm'y.Ald_oughUnLikely,if m.gesa.ono_a_ s_n.p=ms mclud_nausea,voummLdian'h_ andposmbl_e.r_tmgea_.u_ns.
a_u,-lethalhumanda_ is -500 m 5000mg/kg.Caroms:znem: _on_ r_porum.
FIRST AID

Inlmlation:R_moveex'por.edlx_mn m freshsh'm'zlm_pl_nbrmxhingu needed.Ingestion:NeverI_ive_yxhingby m_uthm _un_. nsciousor
convulsing_ Conn_ aImisana_crol cm_, andunlesso_m-,vis_sdviNd,haveu_ cone'.orea_. a_evpe_.n _ 1so2 |mssmor wa,_to
_uz. Whenda:i_S_wJ_.m=m Jn_umromans, m.-_._y _nsld= ,m_u_ ingmt_X,_ s_'_, .m.gmuon,,ad av_l_bm.q,of _ _._. _ Uul.e

Noteto physJcfus: Do m m admuUnsor _uc _ mmmsmm_cecsaz_o_u_zmm_s_ _ _ _o_ •

• D_sposal Procedures ?:>:_;:_::;._:>_:========================================================================================================================================================_%::_:+:_+:.............?- : .......':_

•bsorbex__nmmm_.dblema_'isLUsin__ g....nons_tmnltoo_pm_cm smmw'+m_ for_ or_mms_on-Pormrlespins._e xu_

EnvtronmeuudTmusporc in _s_a, mm_y!_._o. mrms n_--,e, .m.m m _ .azp_.mj o, _ _ .re,rang_.mmm,py_.
in pundw.=. On_ ixvolaxi/iz_au+.tom mgn.vq_..l_'.m_,m'.e _a le.a_m..e:xummveff,w.._. _ms_. to..mc.smm.spnm_,n_..._,; cmymtorrn_nbe _ long_ m:!nmm'nmm _vm nun..• u s_ow!_,_p_. m..W.,rm_um .v_. nyamxytnm_ mmnu • u_-me o_o monms

2.5ycm's.TheNgundRe.somumDofemm__d_m__ n_.e_Jy.msxme_.yJc.nmrmc_...aep_.mmm .......

Disposal."Conm_),oar_ or • _ mnmu:u_tar _ mmmmP.._,,,mm+_._Po+_wspp_. _c s-ma_ smm,an• mc_ mgttmucm_
EPADmipmt_ous .O.SJ_,J_s_g_uous . • AL.ismdu • RCRAF --_,u_. Ws._ (40 CFR261.33):No.U226 _ u u,'Jr Cormunhnm{29CFR 1910.1000,Tabl Z-I- )
Lisu_ u • CERCI_F,-,_,_-, Sub=ram* (40CFR302.4):Reporud_ Qumd_

('RQ),I000 lb(4.54I_ [*perRCRA,Se:. 3001,CWA,Se_. 307(•),andCAA.Sac.112]
SARA_xmunely_ Subsmnm(40CFR355):Not lisu_t
.is_d ssaSARATofic C_emicsl(40Ci:R372..65)

|

+L_, ;ection8.:SpecialiPtotectionData::_i:_!_i:_+::_:+:i:i:i!i:::':i-i::.i::::::-:i?::::i::_:! _:::, ..; :: _ :_ii_::-::+:'_:+_:_:::::_::::
Goggles:Wmzq_b-proo_, Im_m_v_ _ mt'e_ygogglesorf_mhi_., perOSHAeye. andfa_.pr__-r_n regu!l_m_s(29CFR1910.133).
Be.:_umconu_ lm_use inindusu'yb m_ov_ mm,blishyourownpolicy.

wearaMSItA/HIOS_ _..w_ct rmpmumm_ on,,. smme,,,_ytolXOV__p.ue _r._ pmmmonm_In,e_ _ng
co_+;,_m, _ of mFom'mmmami:mtim,andprmm_ of smff_cimtoxy_m-.Formnm'gm'_'yormr_oo_mope_om (churning_ ma_mr

m used,OSHAratzisu anm1_uorypmm:_n programmazi_luo_ at smsc _,,-,q_ m-munL Ixnoa_mvm_nmmmu mommr,n_,,rna_n_

inspec_ clmmi_ md cmwadmCmmis_ mm'_gemug. • w"
O l.ber•W_m.dMm_im._yWomcdve. ___ I_ ,b°°_"__'t,m|dIPlm'_le_w Izx"ventrePeamdor_m_l°ngeddeanc°nut_"V'u°nm_dbulylrobber[. . . . il,h
_u_ _m (Hrs)of_ I_and4 to 7.9ha,mspec_ely] amm_on'=mmdedmsmisls forpromcuveg_tr.Donot_¢ neoprene.,polyvmyl
cklmideCFVC_8rotundmbb_.orpolye_ylme .becs_z_hes__ havealrrof<l.l_. . .....
VentttaUon:hvvide rene_l andlocal_ (insos_ _ explosmn-prooDve_. uon..qsu_s .m_ zu't_'necon_m..._ _ow ,m,
OSHAPELs_ 2). LaW exht_ vmt_lauonu pmm'masince u pr_mm c_ammm_nt_-pers_mmm wornmmoy mnu'mnngstatm mur:e., ,
Safeff St_om: Madm,_b m_ _ a_m_ .eyewashm6m_ s_.exy/qulck._ s_.we_. 8_. wu._. g .flcilid_s..
Cont_,mlnstsdEqulpmen_5epm._mconmmimmdwin1:_ n_n _ cloU_s._ coommmsmuwon_cmmmgoexorewurmg. Removz

u_is_fmmyo_stmsm_c_,mpenmm_pmm:_ve.equi_me_ , _ .Comm_l_ N_v_ eL da_k, ormx_kgin work_ Pramic_ip_od_ hyl_m_ um_ shismam_L _islly befm_m_ing,d_nkLnL

SUon 9,;:Specialecautionsand Comments : _4:: +" : "_4 :"4 ::': ": _':':"_':_:::+'l ::'::: 1" _..4 +1 " 4: : "'4+''" : " 11 " : 1":1 ..... : 1_' .... 4:4_ '' r:. .: 41 "4 '

m.mm=HlnyJngequi_nemwncnmemyic_xmrmormu mvmveo. . .......

gmt.ima_cm_nmulom 8_dmlo_t _ level.Toprzvemtstaucsp_ru, es_-u's_uyI_om_ m,,ooonaaueqmpmemus_ mm_my£cmororm'm
=m_:m..in& u_ sm_ mmsf_r,andshilling.
Admlnlstr_v* Cmu,ols: ConsiderIm_pls_rne.mandperiodicen_d_dexamsof _s_l _=km's_u _ CNS,_V$, _ a_dsk_

Transpm'_fion Data (49_ 177..101,.102)IM0 ShlpplngName: l,l.l-Tri_Mmoc0taneDOT Shlpplu| Name: l,l,l-Trichlmu_Oume
'_OT HazardC_ms:ORM-A LMOHa_r_ Class: 6.1

l , )No.: UN2_I ID No.:UN2831

.i_[. " ,OT Label:No_e IMO l.._el: S_.AndrewsCross

I DOT Pa_q_lng F,x_pfloas: 1_._05 IMDGP-_'kaglngGroup: Tn

DOT p__kt_t.o Requlremenu:IT3.60_
M.gD$C_ Mm: 2_,$$.73,19, 100,10h10_,124,1_, 12'7,132,133,1_, 141.153.159.162.163.164
_,_,.sredby:M_-_-_. BA:!_d_"m'IMHyllemeReview:DWils_.C'[H:MedicalReview:ACDsrlb_gto_,MPH,MD:Editedby:]R S_. MS
CmlWpe_mO I_ t_ Ommm pubdntm_ _ _ eammem_ um m mp_mvmmo e_mmm 8m peblm/m__ _ eerot.m.d, hd_u_ m w _ _ ef _ m_ _ _ _ ..... t.__
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mr. I I

........... _..... ... ....... . ..,...., ..... ........: ....
I . • • • * • ,

.getOrpm: Lira. Iddmy.ham.eyes,sk_. _ ._.It7 louUs:_Lbt_r_..m.|mtge. _dn¢o_sorp_o,, Medl_ ConcUtlom
•,_,'--vated byLong,Term£zpmure:Alcoholism./_. ]ddmT.ornervour/sumd/Jcrdm.Acute_Tects:Vapor_d,-_-_',n,,,_m vr/mg

d'. ofCNSdq_on dq:en_| onmnczx_5on_ _ length.Symp_msfi'cJ_Leh-,r,_h_ mu_e_,dLzzmess,cL,'u_'_u, Fo_ulve
• us, vomhin&,_ de2iriu,"n,_ dicorimS_, F,xlxxm to 14,000w 16,000l_m hu _ rz_ um:_umm..Sev=_ J_u_ex_os'_J

...mqe _._v_ _ _ {mu_._ is on_Uy.o_oina.v_ for24to48 ITpo_e=;x_), r,zpima7 f,_w., sev_ ard_ m'r_mmi_(re•sou
d/sconunu-uonofas,u anau'_thzz_),anddmd,..Al_rmt r_ov_ faurnhmv_e.xlxx_.mmayrmu_i_ dr,_y_l,_,_ _ I_Uvm'm'i_lney

_t eye r.on_t w_h_e liquidm_uuimmed/mel_.nin¢punand_,_,bk anal _sd_um damqe..Skin_ _m thelicl_
b,n_n_ p,_, ery0_.e_ andv_t_n d.e tod_s:_q ef _hesHn.In_e._onam _,--- I_UX_ms_tl ier_mk_ irteguhsJnmbe_ m=mam_"
von_t_g, dia.whe.a(p_s[b]yblood41amd),ch'o_ ms,corts_onmw_u,_ mt_OfL1_._ Chrl)l_ ]_qe_: ]Prokmjedh,d'd,lal_nof chlm,_orm
v_r, c_.scsrJ_isu_,diimdvedZsmd_r_.s,fn,_em -._ bem_ m-Za_on,a_zl d_m_, _sd CNSmdpa-J;dz_ss=mpsdd_IJ_ (f_y
_gma'_on _cl ad_jmmt wi_ hepa_ ,-_ in dop) andUd_ 7cl_e rosyalsoc_m.
FIRST AID Eye: Do_ot sik_ victimm rubor]u_peym6_;_iyshut.Gm_y 1_ ey,_;a, s=d fhubimmedi_]y 8_! co_m_y _ fl_lL'_g

_ _ _oc_z _'r_mu o__um br st i_s: 15 .,_ Wub zzp:_d zr_ *gh raspsszl _. _¢ i_um,_ zz;,mal p_ma m _n_h_

snd unlmso_=wisz _'visaL ll_ thu co_ac_a a_ at_rtIzrmadrinkI to 2 _ ofw.s_r.,to d_v.. Do_ot i_,_- _ tm:u_ _ ms),
becomeobu_ded. Guu'icbyte ms),be tMk:mdifix_ b mmsu_e orst r_ of mawddnl. Nol• IoPbFskb_ _ z_cls maybede2ay_d

O_um._blood$I.c_¢, m'i,-udym,liver_ Us, dmstz-ny, andatom:re'mnfi_u:f'ma_ and_lye _ Moc6m:_a andkidney
funr_on fori to5 dayJ_m _ DixuEmun,in mmbol_s, and•high=rl_ydm,-d_ aRx_ tolntec_ mmewl_ sldmt chlmo_rm
mzi_i_,.Do _t #_ _.om/_J Tim rosy s_w iama_ hi,robin. _, _md _ _ mid

. " :: !:_:i:_._:i:_'.:?_":.:.:::-_:.:;!i;:: ,%:_::_:i:i;_:_::!:!;.>._:i::::"._:::::::::::_::: _:_:._._:_:::-'.%-':_::: _: .>-_:i:::i::_:_:_::_:i::i:i::_.::i:_:!:_ :::._ : ::': :: 'P.::.:::: _::: : :-_.; :. :: : : ;: : :": : : _:. :: : :.S III,Leak, _nd D,_pos_ P_uRs .................................................................................................._.............................................._) .. :: ::>:>: : :_ : : . _ : : _ : ........: : :::: :_:: ;:: :::::: :

Splll/L4ak:NotifysafetypmmmzL bo_ _ _ _ _ _'y0_ _w/_ 11Ixm_lewilho_t_ move_ f_m _
_u_ pinsonnelshouldwe.= fullym_ps_$ vzpor-p_mc_e ulothint.Forsm_ _, tlkz up wish_ mid, _ m otha,
abmrb_t, nor¢_nbtmu'bl¢mauffiidmd phu=b _k _ _r disposal.Farlm'g¢_ d_. fro"•luredof _p,'11md mmulnforlmm,

m reclamafioa.SpiBsb wa_-."maynmd Iobe _ _ IbeIxmmvwib im.qdbag_ ImdIrmmdwi_ a_dvl_, mu,tx_ msdmuov_ by im_ion
bos.zs,m_d=mc_ U_, anddln_l|m.Ft_mu q_.lk_ie OSI.L4res_tdms (29_ 1910.1201.Ecot_z:i_ Vs]ues. R.s2ubowTrout(Sa/mo
ta_'_','), LOs0- 20"_0_ bl_eS_'__ m:,_:_), 1._ - 100,000_ _, _,_ tM (_,_. _) I.Cs0= _Z
.;_ _.6hr.£nvlrunm_stalDep_.atJon: H _ m _ m_ _form _vspm.zulra_id_y(d_m _ vap_pn=sun0_ sm_ may

poundwa_r whm it nu_unsfor• ionl _ on dx boanm.H n_kued to.w.'q_,,...c_m..fa,mevsparmmnkuidlywith_ ha_-Uf_ of
"r (dvez). 40 h_f$,c,_,-').9 m 10days(h_). In mz,_moham phomdeip'udm_ a iudf.lifeofg0 days.Itrambeuampm'_ longclizum_ and

• _ _ .rmsryh'h_orl_bed_onwi_snmdmbb_.Coma_tyu_rsuppl/_ma__f___..
a, _Uow_pli_k F_cknd.sm_,andloud_-_,,_ns.
F..PAumi_,.-,,Uo,,. O_IA _ "
_/susdas • RCRA F,,_. Was_ (40CFR26133): No.U044 _ u amAk Comamimmt(29 CFR1910.100(I.Tabk Z-I-A)

u a£AK4 _mm_.ly Ha,mdo_ Suix:m'J_(40C3:X3.,_'),TP(_.10,000lb
jsu_ asaSAJ_ATozk_ (40CFR 372._)

,_¢ 311_)(41.a C_A k 30?(0)]

smu_m _.guk_om(29CFR 1910133)_ mmu= I_ we ,,,_ ,.m_rd_L --_Ibbyourownpour/Pasplr_to_.Sink
_mfmiomd_ Fiormn_inu__Im md am.F_l_wOSHA _pinma n_rulz_ms(_SCFR 1910.1341_ ifm_m,ry m •MSI-IA/

._.pmuc_ inu_ pmln_n U_ m_s a__as_ mmir_ u_a_e, mnm_, _as_l. p,med_ _wrinxmmm__ maintains,
w,. of

mlyvinyÂd_ohol orVm_n_llh umm > I hOmlm'_ II_ _m_. VmtUatiom _ ImZ_ md iocull_smm v_ systans to

the _ arm I_ _l u,_ m m -', _req S_tkes: _ wmT_b_m•be _mrkm_ assalmc_ m_nr, b mum•, sduylqui_k.
_m_ showm, _d _ fz:_. CeemmbWad Eq_pmmt: Sepa_ _ _dc cio_m fr_ _ _ _ _ _

_wrage R_lUdr_msnmPs_m| physkzl _ t) _ SIm_in kzl-limd m mLklsu_ _tsinm of _-wdd_d _m'sms_m in • cool (< 30
"C).dry,wi_.vm_ilz_am my fromdlm:t li&htmd _'blL _ C._lr_ To mda_ pouffi_ h_thhazml_u_

nvolvinlch]orofms=Admlnlm'aU_ Con•rub: h is suum_d _ _e_vem u_ fm_ in la_ shouldbeavoidedmd n_p_ _ ....
X _ u_i_ity aad_--.,_._Imk po_dd. C.w,_.- Im_t and_ _..,,,_'-v.,-,,_n of ,_pomd wedm.s.

•" T_n Data (49 C_ I72.101)

pplng Name:CHoroform PacJuq0_ Autbort_Uous QuauUtyIJmltldJO_Si _ Class:6.1 a)Ea_pLIom:Nine a)Pm_aleaAtr_ra_or Ral_r; 51.
D'_,,_- UN188_ b)No_ _ 1"/3.202 b) CJuloAJu.o-a/tOaly:60L
)OT Packin| Grmp: 11 c) iJuikPa¢.lmSh_"1';3.243 VerdulStow_e Requireme_u
)OTLabel: P_dsm a) V_ml Sum_le: A
pectil Pro_inm (17_02): N36.TI4 b)Ot_er, 40
_3D$_ itdm: _.T3.100. 101.10_.124.126.127.132,133,136,D9, 140,148, 15_, 1_). 163,164,16"7,i_, 169, 171. 174.17_.17_, II0.

by:M C.mmm,BA;imlu_H_/Hygtmel_evt¢_.PARoy.MPH,_ b4_llcalReHem.WSDvwmm__E)

mlm_ (P tm i_, n--.,,,,. It_litmbi_ Caqimmi_ _ m im m. m m aim ttmbimm*m tmimm_ ai m,_di, m_ m e m i _ _ _ _ i ii Immmm







MaterialSafer,3Data Sheets CoIl_c_on:

_p Genlum PublishingCorpomtlon SheetNo.312
, One_um Plaza Trichloroeth#eneScbem=uidy,NY12304-4690USA

- Issued:7//9 Revision:F, 9/92

"%71
f_migsr_(food)8_18nn_,,_ (replacedda¢m in hsnu_us __--___,T___'_,_in clmod_in_i_appm,m). H 2t
OtherDeslintfons: CA3Nc_794)1_; ac_ lzne_ )dl:yka; _lh; Bazin°l; _---'_'-iaz; _ _w" P 2

Msaataemr_. C_act y_ mppli_ m _fistrib_mr.Cem_ kust _ Wtat B_Jtrs"Oalk_ mt • .q4aass _ PP_tommY*

CauUou=./l_ b iaiuzlnl 8rodtm_ to risecm=sl hawks r_nan (Clq_. _ _ _ __ _• _ m _ _• m IMem
- va_u.iculmfi_ C,,,dc expmaremayle.adto bart, lira, md ki:bey dsma_ _ _ b _ _ _ _ _"_ :tS,c. l

it hast r'!,"tvdy kin,_ point,TC_bin- _th di_culsy.

S_,_et|ori2,:i:Jn__ a.,'ld_'l_tl_ ! g_rm_r_ Limi_ ;_i_.:_i_i'_J!_:_:_i_'_:ii_i_i_:i_i_i::ii _i iii_i_ii:_i_i_:i __ii_:_ii!i!::_::_!_::ii......... .. . , _ _ ....<-.................-._._p _.._..<_ -,. _ • ... ........ .....y,_.>....... ..... .......... , •_r_w _ _ .+ ......_-....._.:.:.:..._:-:.:.:.:,,.:..'....:+ ,:'.:..:,: .::,:..,::....,-...,,,-,..,..'.'.'" -'"..,',".""_ '. ......

T_y_ < 1_ [_-_, s_ (_ 1)}.
1991OS_L4PEL8 lJ'_2-_ ACGIHTLVI _ Tastdt_ Dsts e

15-rainSTEL:2D0ppm(1080_ S3T_ 2O0ppm(1070ml/ms) Imnncimfiomand_ pensions.
1990IDLHLevtl 1_90DFG (_-_) _ Hmsn. l:rmpboc75=$ _ csas_ DNA ink_kloa.
I000 ppm Cellini: _d)ppm(270 mshn_ iambic ski= 500 ml/24 brcamat m,m
l_J0 NIOSItREL C.,,.:ory H:S_abium_ wizhsT's_ eHe_ IP.abbit,eyg:20 mS/24hrunsed modznm_kr;,'_"e.

Pmk_ _;_;" 2_0PPm, 30mi= imdy f: 7J wmi_ prodlxlldlJvwmmo_.
ava'_ v_ 2 puks/shi_

L
...._- _o_ eo_t:_89"1,or'/"c) Vq,orI'rmm=s8-,,, _, 68• (2o"c);].so-- !._- _2"1:(o'_.

Fre_tng PoinU.121 "F(4S "C) _ ",'sparDenstr7(&b • 11_75k/l_. 1,2 Iqr/nr'):0.09_6 Ibs/_; 1.53 lq_ms
Vba_qc 0.00_ Paise- 77 "P(Z5"C) Ws_r Sol_lll_: Verysl_u_ ml.blC 0.1f_ ,_ 77 "F(7.$"C)
Molm_r Wright:131.31; OUm-SolublllUu: Hi#dy solubleineqpudctoiv_s 0dcoboLaeetone, ether,carbon
D_slty: 1,4649-* 20/4*C _ & _ "'ali# d_
Reb'_tton Inde= 1.477at 68"P(20 "C/D) Sm'b_ Tewioa: 29.3 cl_me.,Vcm
OdorThrmbold:112m 108ppm(Jutm _zc_w wa'_l)

Appearam_Md Odor:.Clear,ookn'k_ (smsw..timadyedblae),moblk liquidwith • im.wtck_roformodor.
.......... : .... • .._:__:=..:_:._.?:_i_:_i_ii_:_:__iiii_i:i:_i__i-i...'i_!:_!_i_":-'..'._:_i:ii_:_i:':_i__ii:::::!_._i_i_!!_i:!iiiiiiiiii_!!_-_i!_:!_!i_:!::ii:! !;_::i!i;:;_._:::_=:_:i:_:_/iiii:ii_:i_:

_,zU_,ubh1_lM_II_:A r',-_ ICF1tmm_k Liquid._p il t"_ a flash_ of 90 "F,_C-J_b,,._ withdi.fficu_. _ _ _ _ _
chmtimLmzboediozk_ waserqs'ay,wlmlp_u'from.r'arimltefirm,m wsm' spraY,fog. m _ _ _ _ w _lm_ _
Vap_/a= mixmn_rosys_plc_ whmi_mtad.Cceaia_ rosy_ ia hartof fi_t-_ __ _ _ _ _Y _
m.icst_.m,Jda:anpmitianpvdam, wsa • ,,_'.caminedIrmzhi_ m=ssms(SCBA)witha_ _ _ b __d _

•.,_ well _m' _ isow.Stay•way_ _ or maB. uo _/_moff lmm lr_ ca_,ol _umm m mwen orwam'way_
i II

• , ,. • ..... ....... ,, ...,.: . .:.:.,.,,;.:....::::,.;......:.;....;.:.:.:...,.,.:..;..,:..,..:.:...:.:..;:. ,.....::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::.,:._::.':::::.:::.: .,.,:..:. :. :;..::...... :... ;..,.;.......... _:

map_um, sodimn,pmssium, m:! _ni_). q=x.k_ ""4 _ (,,;m_lm tea__mut,,pachiark e,";a).Cmact wi_ l.chlmo-2.3-q_xy pm_e
orthea_oo md dl 2,3.epoxypmlfflethm of 1,4.bmamd_ ÷ Z2.bis-4_,Y_)..pb_e,,,v.ae cta. in Ibep'mmcz of cazaly_
qu_ ofisdid, iota, cu_ ddn,_ of TCEmaplmiv_ _imL Cmdaiom te Avald:Ezpmm m liS_. moism_

, _ _y MAK(O-'" B,_]y Imrp_l_Iof bav/nI cam:i=ole_ ,"_-"";'_ • I_C)3H(_,m _, _ _ tun norm'm__-I

I iza6o,). Semmm_ o(i_l_ TC_vzporis_ m_e e_L nm_ md _ mm 8nd_ o_ __ _ _ _m,m
_'.-_ C_S after: suchu _mmc:iamN_ v_ _ md dm_ cbe mcx_ac 8u_e_.MildiJvlrdTs_ wu _ _ _ _ _

moolh w _ CNSeHec". CzmactwlthIbeliquidb in'baEnlt_ Ih_Ikia m:l m'nkad w dmm_li_ bYde'f_g I_ gkln"E"Jc m';citYb
obm.v_din I_ vi_l_ inmm_ng iall:;m'xn_m_I _ !_ *dq:_lm_ flu_', a ml"lie'_rsdnml °f _ _ _ _ _" _
e.,_hori:effectofTCEhu _ to _vin& lu]dhabinad_ ofill vqz_. Cor_ on_ pair

II
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...... 018) 3_-8s_ Issued:6/92

Section1,-Material Identification::.:.:_:.:i_:_::/;.::_::::;:._,:_...,:-,.. :..::_:,:::_:;.:::"::::_.._:_::_:.i!:_:::::_:_::::::_,.:_.:::?;:::_,.::;./_:_:_:_:.i:::::::::i_:_,.:..::..:.:.::::: .... =38

or z_r.cd'dorideca_ysc Foundas en tk centp-nk_n.t:nspommnzs _o rps= oral assarZest.u_u.s..=_u_.u m .
preductkmof l,l,l.gichlxmthtn¢. Alsousedasa cjeaasmgagent,_.gress=,.to_vmt totp_utu:s,out,,en.OZsts.Ip'Sm.
fumigant,_ inucmzdiste;in insecdcklzrp._.ya rubb._ com._tmg,fal:ic, spm_d.ing,psiat_! vanish _movzrs, m me l-l_S
flotation,vinylchlorideproduction,liraItsacogpling agentIra_.U-Y.r_..Ig.asom_.;r.grm_.iy._s_,asa0..a_, tn__. ' ..,_ H 2
OtherDesignations:C.A5No. 75-34-3;assymz=P.a/d_chloroemane;cmormgen nyc_ocnmnceme_,emynae.nzcmmmc; F 3
ethyl/dinedichlar_ __ R 0
Manufacturer:Contactyourn.,l_l_ ordlsm'bu_r.Comuk IstzstCk_,dc_lW#_ Buyuc"G_i&,P'_forasupplJm_. PPO"
Cautions: 1,l-Dich]omethaneis volstg=endhilghlyfltmmablz,h is irr_'"i'_gto tb=•YesendnuPimmrYIx•caend inhalad°nof ki_h *S=.I
mncco_._ensca_.z m m_sthedcdfesz.

_ Section2.:_:lngredientsand OccupationalEx;po_ureLimits _UI,_!i, _i_ii__:i:_:/i_,___::ii_!i!_iiiii!i_!:i_!!_:ii::_:_::,;_::,::::::::_
l,l.Di_ m4_entIp'ade(99.7q_).Impuritiesconsistof •thyl cklar_ (0.02qb),trichkzeethyk.a_(0.08%),butyle.neoxide (0.08_),
_hylens dichk=ride(0.01q_),andunknown(0.14q_).
19YlOSHAP_ 1991-92ACGIHTLVI* 1_-_ Tax/city Data1'
84_TWA:100ppm(400ml/ms) TWA:200pPm(810m&/m_) Mous_,ond. TDs.,:It5 L4cg_ inm_niuzndy
1_0 ZDLH_vd STF.L_2.50ppm(I010 m$/m_) for78wkIn'oduceduu¢ineImnes's.
4000ppm 1990DFG (Germany) MAK R_ oral,LD_ 725 m/,/kg:toxicefl%cunotyetreviewec_

100ppm(400ms/m:) R_ in_!._on.TC_: 6000ppm/7lu,sdminis:aedd=rins1990NIOSHREL
Half-life:<2hr 6 to 15daysof l_[nmcy csnseddevr.lcrpmenud_nof

$'1_TWA:100PPm(d00mf'/mS) Pcek_xposureLS_t: 200 Fpm/30man.wera4e ha]hiesof themns_k)skzle_ sys_rn.
vslue/ms._mumof 4peakspershift

• Naimofimmdedch_q=to 100_--;_,___405mS/ms.

¢ Cm_ s pmdb_mm _ sub_._ smd_ ._l_h_r _s f_ed tolm,dtz=omsqm_wnmda.m_)

Section3,!_:PhysicalData:.:!_:::i:":::__::_::::.:::'."":".-"":_i:-:........::..i:_:::/:.::.:/"?ii"_ii/-?_:"=::_:!:::._!_._.:_.:i/_f?.iii::.:::.:".:i_i:.::: -.: i .- :. ::::
I
i BoilingPoint: 135"F(57.3 "C) Molecular Weight: 98.97

_._...... MeltingPoint: -143 '1:(-96.98"C) Spedflc Gravity:1.174at 68 "P(20/4"C)
VaporPressure:230 mmH$at'}7 "Pf25"C) Water Solubility:Slightly.0.5%
Satm'atedVaporDtlasJty(air = L_ kg/_ _or {LOTSlbs/fP):2.076 kg/m3 or OtherSolubl/lt_ V=y soluble inalcoholarglethe:,solublein

0.129Ibs_ acetone._n=. andtrctedmulvohdle oils.
RdmctJonIndex: IA166 tt _ "F('20"C) RelativeEvspomUonRate (B_c=l): 11.6
Sm'fac,Tens_n: 24.75 d_me/cmst 68 'F (20"C) Odor Threshold:49 to 1359ppm;odin'isnot su_¢'ientto w_gn

qsLnstovacxposum

Appzm_n=eandOdor:.Colorless.mobile,o_ylkluklwithschloroformodorand• m cks:inum_
Section-4..!Fire:andF.xplosionData :::.:;:..:%i::..::i::!_::::i:::_:.::i:!...::_:?:::::i:::::::/::.:.::::::_:.::i_:ii' ::::i.i:i._i:.i::;:.:.ii_.:::.......::::-_..?::i.".::: ': . : :. ".
_h Point:17"F(.8.33 'C) CC* [Autolgnltioa Temperature:856 "F(493 "C) ILEL:5.6% v/v IU£L: 11.4%v/v
F..xtinguithingMedia:A Class 1B FlammableLiquid.FOr='atll t'am, me drycbemir_ c4cbondioxide(CO_),or "tlcohol-t_.sisumt"foam.F_
t=s=f=,u,=ufo=or'e=oho_-r=is=_"fo=r_w===s.ybe_.=.,_v==_=su_ =.=."_._=et'.. ._
Ummal Ftr_or ExpinsionHamr_: Vaporsmayuave] totn :gnmcosourceandIltshbanL._,:ontam=mayapime inheatof fire.
Spechdlqre41gbthlgPrvcedum: Be=_use_c maypnxluce toxicthm_,d decomposk/onl_Ck_cts,we_ • celf.conudnedbreathingaF_s_etus
($CRA)with• full f_epiece opers=dinpressm_-demsndor positive.pros== mock.Sm_cu=alfirefighm'spro=calveclothingwillprovkteonly
limitedpmuecd_,If poss_kwithoutrisk,moveconttin=h'omfirearea.Apply_oltng wau="tosides ofcontaine=sunlz'lwellafterfire is out.Stay
sway boat endsof umks.Formassivefirein cerjo_ _,z monkor nozzlzsor =nnunnedhoseholden; ff _ is impces_l=,withckawborn==
andletfirz barn.Withdrawimw,',4;-,*lyif youheart risingsound_om ventingsafetydeviceo_noticzanyumkdiscoknldond_=to fire.Do not
nd•aesrmtofffxomf_ congol me.duxbtoaewers(explosion)or warn,ways.
• = "F(.S.q"C).OO_

_!!on.$, Reactivity Data .. _. :... . ......• ....... ' .,. :
StabllttyRolymel'4__e__m l,l-Dichkn'oetMneissableatroom w.mp=etua¢inclosedcom,t/n_sundernormalstorage_ htncLLLngconditions.
Har.s_= polyma_'--_.,=m_o¢occur.
Cbem/c_lacompatlbUKies:Incomp_ble withsuon$oxldizm andformsacoaldehyde inco•tactwith==tics. 1,1.Dich]oroethtnewill snack
tome_,_,sof_. rubbe_,m_1crating•.
Condl_/onsto Avoid:Expnst=otobeauandignitionsour=esandconta_ withincompadbks.
l.[,,-,'dous Productsof Decomposlt/on:Thermaloxid_ve decompositionof l,l-dichloroethtne canproducecarbondioxide(CO2).irrkuing

" hyd_gencldari_ (]-ICI)end mxfi:phosgene(COCI_)fumes.

'" Section6. Health Hazard DataI

:.,_._-, Csrct_gelddty:TheIARC,(:_)NTP.(:t_a.,x:lOSI-[A(:''; donotlist 1,l-dicldoroethlmeu a cla_inngen.Howevm',the NaciomdCtnc=institute
hasnemmmend_c_fion dueto analog),to othe_chloroethtnessuch as 1.2.d_lorothtne whichareshown tocausecm',c="inanimals.
Su=_sary of Rbks: 1,l-Dich]oroetha_ isirduu_$ m theeyes andre..vpkatorysystem,h causesvmT/ngdegreesof =n=al nervoussysu=m(CNS)

dzpend_n_on t/_ cocoen_'et/onanddurationofuposure, l..ivz_sndkidneytoxicityis controve_sis.1. Co_ os _ _:_

Cmp_ O l_n _mm P_ _ AJ,yemmmv_ umm _m'ed_mme_t tsmp6t,i_', pmmasws • Pmi_'8 &



No. 830 l.l.Dichloroelhan¢ 6/92

[Section6.HealthHazardData,continued . - ._.
Somesourcesr_ th,_seven.,scu_ul_.sures.c_ cause_unaSe,somequoteream da_],,_ :h:o_¢ s_ud.ieswhichmcu...:_li_e c_._t 7 for

_ ....4amaze;stillothersrefutethepossibilityot acuteas.maleeven fromveryhighexposures,m revtewl..t/[ulea_t Itappearslikelyths_chrome
;posurewill notcause_y of liverdamsgebutacuteexposurestoJ_gh_n:_5or, smay.Thereb d_u_teevidencethat1.l<Uchlccoethsne

throughthesldr, Therem_repomof sbsospuon(dthoush notm toxic smouncs)andothm clmn_z m_e u no ,msorpuon.Gsventhiscon_ovmuu
,4.,, it is bestto take_l_u as i/'skinsbsorpt._on,endlive andk/dee7 daznqlewereprovemtooccur. MedicalConditionsAggravatedDy

kidney. Prlmtry EntryRoutes. lnhul_on endskincontact.Acute F.JTec_s.L._ud.,,onsymptomsLnclud_eye, nose,enddu_., =numon.nesaar.ne,
cUz_ess,cousklnl,su_lSerinS,d_c=bedvision,in'esulsrhzmbest(csnresultinsuddendash),u_scbmmess, _is, coma,end_,,_ dueso
cardi_ orresp_ failure.Thereis theriskofpulmonary.edema(fluidin lunls). Signcontsctis initauin|endcausesdafsnini, rednessend
eweS.uS.Vsporcontactwiththeeyescaus_ irfi=_n, wsm.nnzeyesendlid in/hmm_on. Splash.esto theeyes ..p_..u_s.e bumin_smss_n.. ,
were.mS,andlid inflsnunss/on.ChronicEffects:R_o-'_ skinconcsctcancause• rashandsconces. Repeatedinbs/maonmaynaveneuroto_m_u
effects. _

Eyes:GendyIL_eyelidsandflushimmedie_zlyendcontinuouslywithfluod/r4 smoun_so! wau_un_ =snspcsm_t_ sn emer|.encym.e_.cs3tac_ty.
Doao_sl]owvictimmmb m kwpeyss fijhflyshut,Im_,_4;-,'ly .comuhsn .op.l',th_.l_..8is_ Skln: I,.I-D/_ vapo.nz__.z_.ly andposes
sn inhel_on b,,,,d as well _,_7 7 _a_ c_.A_T7removecontsmmw_delothm_:] J _voz_e u.flammab,_/Rinsew_tnx_oc_nSsmounlsox
wsuzrfbrat lust I$ rain.Wuh exposedm_awithsozpandwatt. Forr._,_._d orblism_d skin,consuhaphysician.Inhalatlon:Removeexposed
persontoflesh sk endsuppc__| asr_'__-___: In4jesUon:Neve__ve any_klnjbymouthto an uncons=/ousor convub_gpence. Contact•
poiso_co_urol_mta. Un_a shepoisonmnuol oz_a sdvisaso_awi_ hive _ _./o_r mur_ person_ 1 so3 Siassesof warn.
indaczvorni_i. Afunvomk/n_.I_ve2_ sc_-,.a _el to 8ozw_ toann_
After first ald, pt apprvpHete fn.phmt,paramedfc,or communitymedics/support.
Not, to Physicians:Pmp_ vm.u_."c_is themain_rm_ for scu_ exposure.Beinvpm_ toe_ n_in_on if'"4"4 Moni_ live; f_nc_i_n

mh.z ,m._ysls,and_ with_ou_ andc_omc exposu_..

Section ?. Spill,Leak,andDispose/Procedures i:::_.i__/:_.i_ii:_:_:i!!.i_i?:'i.i":!_::i!!!i_:::_::i_.!_i,;i"_:_:-_::ii/:i_i,_:_.ii ::._:_:.

personnelshouldprott.ctqsinstinhela_n and_ co.nc_..t,For_ spll/s,take_ w_th.urth,sand,v..a_.ute, orou_/._sor_ent,noncomous-
5blemam'kl andosirisnomp=k_nstools,pl_ m• sutu_bleconu,m=.Forl_e sp_/s,d_., h= she,dor Iklmdsp._.fordis_.s.d orr=c._nau_Do not_ow l.l-dichlornathm_to zn_ cor,rmedmas such is s sewe_becsuseofpomn_ explmmn.Followsppl/cable_r_ reju_auonst,c
CFR 1910.120). EnvironmentalDq_-adaUon.In soil 1,l.dichlomethenevols_iz_ tepidlybutmayInch intoi_roundwez_.Inwm,a it will
vo_ E'om• pond,lake,or riverwith• h_-life of 6 to 9..days,S to 8 days,end24m 3.2hr:res____vely.In the.suno,rp.h_zit wi_ dapsde by
ruction withphony producedhydroxylradicelsw_tha62 day bd/'.life.Itmuysusone cornedbeck tosou vu ram.
Ecotox_c_tyVadu_ Ar_m;__n_t, b_nes_cimp_TLm32_mi]L/_4 _c;_odo_ d|omb_d£_1_nPcrc_.TL_n_6_m1/_d24b_ Pot_ r_:_c_

•ppies,LC_ 2O2ppm_days.
i ,.1.+-_.sposai: Cbnu_ yourluppl_ or • _ mmrsc_orfor dau_ recommendations.Follow_Uc_le _ state.,sndlocalr_ulafions.

.,_PADes_natJons OSHADesl_etions ListedIs smA._ ContaminantC29CFR
SARA_ly HusardousSubstance(40 CFR355):Not listod 1910.1000,Table7.,-I-A)
SARAToxic _ (40 _ 372.65):Not listed

asa RCXAHszardausWaste(40_ 261.33):No. U076
u • _C_ H•z_-_us S,bm_e" (40_ 30_4):_ R_le Query _, 1_ • (454

[" 1_=RCRA.Se_.3001& CWA,Sec._'_(e)]

Section 8. iSpecialProtectionData .".i:!_.__:.:i:_i::::i._i_:_:.:::::._:.!i._._:":.:._:/._./"_::."i/...:.-...::i:::....'' .... :

J contact lem use in inclose7is cone,overlY, esteblishyourown.,poucy. _espinlten Seexpro_r.ss_omusav_z priortore___rs_. se_ecuonanuuse.
J Fo_ow OSHAnspirsmrn_8_!-_ns ('29CT'R1910.13_)8r_Lif ______-sry,.wenss NIOS.H_. HA-._pmvm re_u'ato,r..ror< _u_appm.useany
I t_pplied.W _ orSC3A.For<2500pp_. ,.= ,my su_-_r mp=m_,opmu_.m e _.uou z._wmine. _r • _ pp_.u, _y

"I suwlied-_ respirs_ or SC:BAwith • full f_.pse.ce. Forerr_sen_ or nomo,une OlX=r_ons_c=z_nS _z_s, re._m_"vmc_ orsmrase umxs_,
I an SCBA.Warn_ !Air.p_r_yin# re_rplra_or:do_o!pro_ea workarr:inar/&¢n.dcfu:keaauno_p/_zrca.If respkswrs_e used.OSHArequires

skincomackPolyvinylsknhel ss_ aseuizshlemsumel forPPG.Ventilation:rrovtaegen_u an__ e_st ven_auonsystemsw
melm•,insh'bce_ mncentr_onsbelm,,theOSHAP_L.(See.2). _ ushsust_on is prefen'edbecauseitpreven_contemirumtdispersion
intotheworkmeaby cnotmllinlitaz its som_'-(_) Safely StaUo,,_:Makesv_lsbk in theworkarea_rt_ncy eyewtsh sutt/ot_safety/quick-
&,,,ch sho_n_, endwm&in_bci_es. CoutamlnstedF.qulpmenuS_pm-aszcontaminatedworkclothesfromsu_.etclothesendInand_ before
reuse.TbomuZh,lyda:catemin_pm,o_ pree_ve _luipment.Comments: Never_ ..drink.oruno.kein work.sress.Practicesood l_'Son_
hy|im_ _ usin| thismsm'iaLeq_eciallyb_'m ea_. ckinkins,s_r./n& usi_ thewilet,m spplymf cosmeucs.

Secfiong. Special Precautionsand Comments .......!: : _:.... ;
sto-,v x,q-,_,.u: J_,_ p_,_.. _se to_ ._. _sto,__., _ _:.,,._.,_,,-d _, **Vf=m!_*,_o,,o,_.2 ,_ U=om.

J p-,_ble..s(See.5). Label coaumm_w m_c_. t_e_ntea_..-su_ s._smm_mty.Permasc.uJymsp_ contmnenz_ cra_.£s..ano.se.a_.an prevents:auc
| s.pm'ks_e/ecaic_y _'oundendbondel/.z_.._mwnlneedInl,l _ .msnuf.a_ _c, _e: _s_, _ snzpplng. . .
I F._rl_ Controls:To r.ducopo_ _el._. _ ,se s_ dilu_onortoc_uexcuse v_,s,_,n to con_o_sc,_omeconcammanuann
| to msimsin ccocenmuim_at the lowestprscuc_ level .... .
[ Admia_tratlve Controls:C..cm_darv_,_,laccmentend pmodk:medical_t_n_ of_por,edwinkers empht:,,,nS the skin.CN$,_v=. andk3dney.
J F.duce_woflu_saboutthe_ of1.)-d_chJoro_hsneand thenecessaryln'ec•uuonstoreduceorpreventexposure.

TrsnsportatlonDate (49CFR 172.102)
' ! JO ShJpptnzNsme:1.1.Dicl_c_oothane 17dOLabel:Piano,ableLkluid
_L1 I_O Hszard Clsss:3 ,) IMDG P_ka_inl Group:H

i I'D No.: UN23_.
| )J._DS C_ Rdert_ces: 73, J9, 10l, 103, 126, 12'7, 131,132, 133, 136, 140. 148, 149. 1_3, lSg, 162, 163,164.16"/, 165.1'71

[ Prepsred by: M O_, BA: Industrisd Hygiene Review: PA Roy. MPH, CIH; Medical Review: AC Dsrhngton, MPH. MD



Material Safety Data Sheet I1o.359

IE'I'HYI.EIq_ DICI-K.CRIDE
FromOcnium'sReference CoUccdon I('Fonncfly1,7.-DichJorocthanc)

, " GeniuraPubLishingCordon I (Revision C)I 1145 Cat_yn S_eet
......L_ Schenectady, NY 12303-1836 USA [hsucd: November 1978

{518)yrT-gss5 am_,puu._cm,. IRevised:August1987
SECTION1.MATERIALIDENTIFICATION 23

ETHYLENE DICHLD&_DE(Changedtom.e_t co_ i_d_cial la'ae.tic¢) _N_
DF3CRIFTION_Orivln_ses_:Madebcm asetylcoemd HCLUsedu • d_, • scavc_cr in leadedguolin¢,
asaminznnedS_ in th¢_sducnuz of vinylcldod_ i=pakstrccmvzrs,in _ a=dpcusu-_o_sioux•,in
on riot•donprocesses,Is • fumigator,sadas • solvcmforfats,oils, w-_,_e;,audgums.

_'_R r)_1_NA'rlONg. 1,2-Di_e; _.Dichlamethane; Duch l.klukt;DutchOil;_C; HMIS It 1
FJhancDichloride;E_hyle_ Chloride;1.2-_hylemDichloride;GlycolDichloride;C21.14C!2; H 1 I 4
NIOSHETEC$IQ0525000;CA3#0107-06-2 i., 3 S 2MANLCFACTUI_h'I_S/SLTPPL_'I_:AvailablefxomNv_al _pl>Iig'x,i_¢lgdi_i_
DowCbm_USA.2020DowC_m'.Midb_M] 41M0;Tc_bom:(SlT)Lt6-1000 g 0 K 4PPZ*

- - SECTION 2. INGREDTI_NTS AND HAZARDS % HAZARD DATA
_thylcaeDichloride,CAS#0107.06.2;NIOSHRTZC$#Y,.10525(X)0 100 ACGIHVtlue_1987-88 ..TLV.TWA:I0 _m, 40 mVm"

OSHAPEL*Igg6.._
H H IbHrTWA:50i_m;
i _ _ 1001_.,,(15Min.)

CI -C 4_ CF NIOS_IRP.LIgg6.-r/
; i 10-HrTWA:1l_m
H H Ceiiing:2Rm (LSMin.)

:ToxicityDm
Man,lahtbdo_TCLn:4000ppm'lFJ

•Thems.xtmumtl/ow_le _cakco_.cRm'ation(a_evethece_in_lev_ vtlue) Hu_m, OnLTDL_'.'_2_rag/kS

ofethyl_e dichloride_s200.PP_ for5 m;.uut_,re.stay3.hpurpez'F_" . M•_,Or_ I_D_: 714 mg/kg
rc_oaucuvc,ariamutagc,._ceJ'/cct,s b _t¢o (wirerczcnmc) ]tJ¢OraLLDS0:670 mg/kggrF.C$19D-84supplem_,p_g._c_-._e.

II

SECTION 3. PHYSICAL DATA _.... :
: i_oi_iagPomp_111Z3"1=(83.5"C) E_por'_a _ (n-BuAc- 1)- Not LLucd
,i VaporPP_,_,,z- 1"7To= at7"/'F(25"C) SpecificOnmt7 - 1.7.569at69"]:G0"C)

"__,_ wmr Solubixt_- _!_ble inabout120Panswau_ _ Point_ -31.9"F(.35..s'C')
VaporDenfity(Air,, l) --3.4 MolecularWeight_ 99.96G,'jtms/Mole
A_¢lnl_ I_ odor:.CoJork_ _ liquid.Sw_ckehklroform!_* odoris ty]dr,_of cldor_x_tcdhyd_ Tbe
ssco_/Ik_ _Id (I00_ oft_ pm_l)forz_yl_z dic_Im_e is 40_ Odordeteclio_pmMb]y/s_licatzs_m¢-_,',_iw

• majc_h_.sl_hsz_.
t.'ObO._h'TS:Ethylemdichlori_ismscibk withalcoholchloroform,md eth_.

SECTION 4. FIRE AND EXPLOSION DATA LOWER UPPER
FlashPointmd Method Autoi_nidonT_ P'l_,h;, ._ Limits in Air

SeeBelow W/_"F(4][3"_ q_byVolume (5.2 15.9
j_JL_: Usecbem_c.tl,carbondiox.ide.,alcoholfoam, wau_spray/fog,or ctrysa=dtofightrimsrevolving
ethykazdichloride.Diner wa_r sprsysrosybe i_eff¢_liv_zx_01Ffishi_gag,¢ats,buttheymaybesuccessf,.dlyust.dmcool
fire.exposedcoot•inca's.U_ • Imothex;mg_'f¢ctW¢_ui._ fm:_i_volv_g tl_ mamri_ Lr_USUAL_RE,__X'PlJ3glON
_I_.AKI_: Ethylenedichlorideit a dangerousfiremd explosionhazardwhc_t_osaf tosowccs of ilp_t/onsuchashear,
ope_flames,sparks,etc. Itsva?_,sarelzarv_ thanadrmdca=flow _ surfacesto distant,low.lyi_ sourcesofilp_cion
lindflashback.lfit is safe todo Io, n¢oovethismau:dxLf_m tbcfirearet. EJ.hyicoedichloridebumswithasmok'yflame.
_: Wc_ • self-cones/halbr_uJ_g _ with• _ li:¢p_cccopc:raz_in•
inssure.deass_ ormotherpositivc.preasureaxxle.
_,Kkf_K_: Rash PointandMethod:5e"F(lYC) CC; _ (IS'C) OC.
O_'HAFJ,mmihflitv-CqstS_ _ 1910,I06"_:_. DOTFlammabilityClass(49C1_ 1'7_,115"):FlammableLiquid

SECTION 5. REACTIVITY DATA
E_hyl_m¢di¢ldof_ is gable. Hazardouspolymmzancocmaot oc.cur.

CI4TMICALINCOMPATI_II_rTI_ include_ oxidizingI_C=t_._.xplosio_shaveoccurredwithmixtwesofthismatrti_d
md Liquidammoaiaordime._yitm_opropyl.mi_. FinelydividedaluminumormNrnesiummc_xlmay bchaz3adousLocontact
withe_ylcoe dichloride.
_._.__: ,l_Lb_sa_csourcesof iiP_itionsuchas excessive h¢o_,openflames,or cl_c, ic:lsparks,p_",_cut_'ly

/" i_low.lyingar¢_, b'_--su._ theexplosive,heavier-thai'Pairvlpo_ v_jJ¢Oot_n_c the_.
_. _ canincludevinyl chloride,chloridefumes,andphosgene Phosgeneis an

_,_!_ e.x_Imlypoisonoasga.t. Pmduc_of_maa.t-oxidgiv¢d¢grad_on(Le_I'm=co.lifo•s) mgst t_ m:a._ w_ apFopriaz
caution.

_pt m w_ ormpm_ _l_ / Imtlmw_Imlmm a_mw4e¢



_.,._' iARC.Itwasfoundtobe-- _.,rnst.ponUv¢r.mcn_g_W.._.IA_.._._ _ t_q_uvc.n_ts (mou._,nu_..n_m

r,en'gnoncl_l_ hy_ _ ITOmar.Cm_t*,mltm_o_of_is maumaanm,e_ _ .urn...._l_nm vspmT

_aca_ .op,nsrcocic.marues.mcuc¢_ecu,,mma._,_,a_=_nc_ocFrmn_,_ a,ucnz__s__z_ .s=_,.Xmjm!p,_ __sm=_
enectso_u_ msm'islm _ nz sy_=c _ecu n'omov_.apos,a.,..c_._pca mme.qva, _ a,_za,v_.

k'.aJnnc_sim.'rhm_..msy'_.mcmpal,riskmum'sm/__mu _Lc__.. _m_mm_..._.'. _.._mm_

unnc),or,_e,,_t .............. V - . . ."...PR_.t_d_ _IT_bmls m

K'L3=ui_hlYwi__phmxyof_ wmgrtot_...k_ . _C,etmeeic_..mlP._"_. _tm2_t_a,_Ytram.__m_
Ln_Z,_.maw_ w_cr.Washtlioro_Jyw_ _ ,_..wL_..Y,a=po_ve..mqtF__oF..m_am=a_m._raopR_._m_m-__..a_ _

u_¢om¢_usorcou_si_,_se vic-_m',mouu_""wi__yge__ _d_Z'mi__"_____L_mu__maym e_. _ _ ....
• GETMF.DI_ ASSISTANCE- INPI.a.RT,PARMVlEDXC,_. Gctl:ma:_nz_z_ ams:_ smnmmr

SECTION.% SPII_;LEAE..:_ DISPOSAL_PROCEDUREg :iii_:_{!ii!_i_}>i{::i}::_i!i_ii_i:_i::::!i{iii!e{ii{ii:_!}!!!{g{ii_!_{ii:ii_ili_ili_:_!i{>'.>i:i:_::::!_#:_:_::_::::::
s_tJ_s_: _ _ _Z_. _ a_ __----,,,_,'uat p_l_.=_. ,=_,._..b, _..=_ .=,_

_mabsorbmt_mu_i_suchmda?smaervmu_uli_,u_m_p_a_o"p._..._._mtmm._y _w2_ _.

was'zm=_m'sa'opmwsm,ws_ _ C=_crmcmpm%n=_ml.g _ _. _..ms1_m
i.almlrdLWas_m_jbeImm_in,_q_nn_Jmcmera_rcqmppmw_mm amm_m_e_maaammo=,inmowi.ma_

a=dlocal_-,_,-- . . .

_gs_F.PA_ k,vmUX_.
EPA l-lanan_s Wmle Nuiml_ (40 CFR2L135): U077

Aq,,._cToxici_Rauin&TLm9_:1000-100ppm

SECTION 8: S PECIAI;:]_RO_N: INFORMATION :::_->i.:::::i!_i*i!i::i:::iiiiiii_!!::!:_>i:_:::_i>:;:!i:._!:iTi!_::_.:_i;>>:::!:.:i:i::<:_:#::.>::.:.:::-:._:.:::...:::.:..

, eym, mddi__ll.s_-¢_lop_'gy_¢lm_tmgoltm_. OLiVe: w_.__ru_r .

rm_k'a.torlpdckliom ks29 CFR 1_10.1_. Any _.le _ o! _, _._az .mc_ormz.m:l.zu'mam_cauA,.ruau__

,,_,_, __.s,,,.,__,',- __==,_ w,,,=s:,u,-_s _ _ _,,=_-,_mrs..._ _ "_R!:I_:w_ _,_,o__ ____o__,_m___ ._,y.__mr.2,

,,o,,,.,=_,a,o,_.W_'n_: _ .,_.m.,.=_,.,.p__ ._.._....,_"_----,__ _'--"_._eeo,a.=_.o, ma_/.u=z_ .,,q=n..t_._..uz..a_ Ummc__.m_.ram=a.m_._L,m,M_._"
em_=d Imp.um ram,'mm, .mmm=p'=e.v_ocayo__oo..m=.om_n_.Per.m_u._L, ...._., :_

_J_: Vqx_m_ _¢_m_"a willc_iect_low-lyi_mm._2=_. _ .

m_ove_hyime_sa_a_ r.io_hi:_mavoid_ s_l lmu_ m_mu. o_a=t _=m Po_ sFecuu_m,s:_,
s_t _seJ rosyabsorbin'it,m_ mdall___P-',_maL

SECTION 9..SPECIAL:PRECAIfrlONS !AND COI_IVl,gN'rs !:_i.>.i=-::,_:.:£_>_:.:::_::_e:..:!i::_.=:._ii:_;,::=:>::::.:=_+5:.v=:=:.i.==_:.:-........ . .

dicklm'i_Czliqu.idmclta vzpm'smzauotbe_ mnmm_mm:mm_mu amn-m'L''"_" q'zam _ _ _
e=pk_iou?ro_tPs_ptm_ nzpomelmacalm_s.
9"RJ_NSPORTA_ON DATA (1_49 CRR I72.101-2):

DOT_ Plmuns_ Lkpdd IXTr XDNo. UN I1M
. iMOm..32 • IldO_ _k Liqz_ Poisou .

,(.' I _ ,







t

M_er_ SafetyD,,_,SheetsCo_cdon:
- _IiRL GenlumPubllshlngCorporation

i _/_j_i _ 1145CaudynSmet SheetNo.708
'__._ Scbemcmdy, NY 12303-1836 USA Vinylldene Chloride

f_lS) Sw4s$4
Issued:4/94:)

i IIII iiii I i I ].

IVi,,yllda, Calm'M,Dm:s_tlo_ l_m'cd .'.0.- cThyl_ chimide..Aim pmpsmdfromvinylchimid_by ,-,'._,,_v_ R S NFPA
cldodm_onsodde.hydTm:IdoRmdonsU_s.UsedpRmmqiyamae,o-mo_m_in Im_dm:d_viwT_,__,'_ mpolynm_ I 4
t_snm®,Velm_) lot _tm* md cc,_q_. Abo m_din Froducin_melhylrJdsmf_ _yl _ _ p_ _ 4
_om_._l chlmMe;insdlmivet: u s _omlx_t of _/n_: fll_; a _l_n_r_l tm_m_ in ymylid_mefl_ri_
Wo_; andforl,l,l.4ri_,t_e_xd_me..A _mmon constitmmt_, ore"e_',,b'unn_ mmsmableqmmtdfiesof vi_lklco_
r.bimid_m_foundtupour_ v_l_d mTaSwithahigh mo_nmu/m otp_ lib amo*abl__m_m/mmt_ _-ycled HMIS
_ -,virmumm_sm_b,, nnr./mTsubmm'im,md _ 14 3
Ot5_ DeslgnsUoe_ CA,SNo. 0075-35-4;CsI._CIs;I,I-DC_ I,l_thmc; m}w,,4_.h_ee_lesn; VDC;vi- P 4R 2
nylklmz_,smidz. PPG*
Muutsctm_. Ckmmctyour supplieror.d_,tdbumr.Com_ dwlast C_ Bsty_rs'G_ _r_fore sappllm list. * S,c. 8

- " CommesmAxtsmq_Tnmmsbov_32T-#_Cmd_ylntSepmscsx_ofoxy|enoro'da_nimbkcamlys_vi*
nylidmc cltlork_pol_ to aplsst_ _m'e., _ ImxlmmmaymmminmmttlpmpurUomof/nhibim_ Io
pmm'vetimmommy.

V'mySdm_c/doddg m 100_

OSHAPEL ACGIH TLV_,IMP.90 TazJu't7Dsm*
S_TW_:IIq_Ln_n_. TLV-TW_5ppn,20m_ _om,_,TD_,:L_0m_hu_en_mJ_,qq_n_-

T_V_ 20_.'_ _n _ _, _, _.L_._ _
NIOSlt _ 1987 _ _ l.,Cm.'_ ppmt4hr "
No_c mmblishai Hum_,/nhshdm, T_: 2.5_ In_-_;_-- _ _' behsv_ (g,eomd

_), dseZi_u.,_,_,_, _, md bl,dd_

• sa Niosit, _ ('_lOSttoo},fw_ _ r_md_Lw, umodp_ _d _ din.

+_:+_ BoiS_ P_,_: |9A "P._I.7"CLt760 mm!_ MolecularWeight:96,94g/nml
Meltt_ Point:.IgS._ "r./-12ZL"C Spe_'k Gn,v_ (1110• 1 8t39 714 "C):1.2129 _f_ 7#20 "C
Vapor_ _I mm I_l "_77 Tt2.S "C Wm_. Sot_bIltry:Spmn/0ymlul_ (0.04 _ _ in w,m. -*f_ _/20 "C)
Valor Dan_ (Air • 1):3.4

Appem-sm_sad Odor:.Colorless,_hLlile liquidwith• mikl, sweetodorthatrmm_Im chloroform,blostpmom candv_:t visylidm_
,t 1000ppm.halot/_a cm _.___.___ix,t ius lhsn_0 ppm.Ne._/zrodin"_ _ m _ of _ _

glsdsPol_t:-lP'P/-2S'C { AuWII_UOnT_,_:IO_'F/MO'C t w_s-$._v/v tl._:ll_gowv
l_balpddd_Marls: Um dry_ aleolmlfoam, or_bon dioxide..Usew,_ m cool_
UnmmalFir, or ]b_plmlo_llam_: VinyT_,*,--.r.Mm'id_is t very_-,,--,_,k sndvolas_eliquidwl_ • btanin8 r_ of 2.7 ,,_,,,_ This
mm_/s x wn.ydmguoas fin_l_ad md modas_ly explosivewl_ expmed_ _ _ _. h my _ __y m_ _ _
;,_,_ expkn/_ mixture widssk. At ele,m_ _ polys:z:'mz_ mayud_ pi_ md camb_ _ _.
SpeckdFtre-f_tinl Pruwdm_ Sincevi_ylidm_dtlori_ maybe_ if 9xl_l_dor Mmorbed_ou_ _b_skin,_._ • ,_If.c_mix_

_mmm (SC_A)w/_, _ 5z.q,|_e opmm_ i_ mepmmm_.mmmsd_rpmidv_.pTmm_ modzwire• fullyeor._ su_.Ke_-p
sume_mm7peopksw_ born _ lummlwere.Vq_ m_yuPed m m qln/lionmm _ _ _ _ a_ of_ff _m _ _I
m_hoda.Dowtndmw m _ or_

:_on$,i::_ry _ :i::i!!_::!_!ii:_::_!_i:/:i,:_i:!_::_::_ii_!:_:ii_.i::]i:!_/_::_i_::i.:.::_:::_:_::_,:_.,_:_..............:_:,_s_:.,_.:._:,_._:_:_.:./-_::::?_:_:_..:::_::_::_-:_:_:_:]_. :
Stabll/t_/Pol_j_Nrtmtto_:Vmylidaz cldm'kkis ae.J_-reJ_dvc.U s_n:db_twe_-40 T/d0 "Cmd 77 "F725"Cinat, w/d_oulan inkibi_r,

rapidly_ oxygm md farms• vi_Icn_lyexplmiv_pe_xld_."mehe.atof polymeT_._onis -115 r_g (inlu'bimd).W'benumt_le, vi-
nylidemddoride_ intor.Jdom_bymxql=_ pbosSu_ nd f_y_ Ib:.v_ polynn",_o_ am o_u: if _zpoT_!ta
mdiSh_,dr,mpp_, M-"d"_m, or
Ch_ lm:omlmUbil_ This _m_ r_actsviolesstlywithchloros_l_on/carid,_'ic acid,md ohn_; taxivi_ly withoxidi2_gmate-
rials.

" RmmrdomProductsor Decompad_n: 'Fbama/oxida_ dm_zpositios of vinylidamer..Morideramprodu_ Idgl'dytoxic f_nea of cklorme

::.-_/- (C_,adl_y_tmSmr.blorid__Cl).

I I

_wmp_ • n_po_ii g'_mma _
_m,mmm_ m a _ wm_mm imtmm_ pmmim s P_li_.







No. 83 ChromiumMetaI/Powd_ I1t89

[Section 6. Health Hnz, rd Data _:_+_i_:,_!.i___._/_i+?_?..._:+`_!:_:_:_!_+_:!_+?_/_:_i_/._i_ii_Sii_':_:_:!_:_?,_!_!_z_ii_i,i_ii_i_i_ii_!;_+i.iii_i_,_:_.._+_?_::,_.:._?ii:
I _,m.clooSeUlclty:TheNTPaodC)SHAUslv..hm_u_nas• _ r.a'ch_oS¢=.

' remark of Risks:WhPninSmml chromiumis ahumm poison,with|i.momu=_md(GI}_fe._m.Chromtmn$ (Or"j)_mpmmds draw littleor
i -xicity. L_u mlubk chromium6 (Cr_ _po-,_, m_su_ _,rcino|_ aMs_,m_ _ of _ _ __ 1_ _ _

_" 2).Chromicac/dm'r.hmma_sa_cmls¢/_r/ca_onoftheskinazd_ pasu_ _ l_ _ _ _ ofIb_|asm_.s-
_,, _ r_m]di_Igc, lindcin:,,_.,,_r7shock. Chromium_ (wh-, he.a_ m high_) ,rodinmlubk saltsan saidm be_,,_olwd
histoloJ_icaJfibn_sisof thelugs,whichmayproJFtuto_y ¢vid_t_. Exposlm_to_ dustmd pow&_cm caw skin

Medical CoodRiol_sAl_vravliledb_Lc_-Tm'm Elpou_: An_ _ of _.w_ _ _ inwcrk_ e:_xx_dIn
chromll_dust
TargetOrigin: R_ rTm:m.
Primsr_EouT:.1_, _mm zbJc_ _t in_;i_.
Acute Effects:Acume.gpog_ todustmaymu_ br.gLar._couiJhi_, ¢bmmmsof _ pm_ fewg,_ iota,mum/
inflammv_oaofthe¢o_juwtin,_ ,_....+m.
Chronic Effecm:As_mmi_:-_
FIRST AID

Sk_" _sh offchm_um _uk Afi_ _ sffe_M ratawRh floodm_,mmun_of w_', w_ _ _ _ _ _.
gaJmbtlon:Rmo_ _pomd _ w fn=b sir _ _ _ ,,,
Is_estion: Hem I_._Y_:_g t_ mouth_ m mmmm_-, ozconvulsiqpmm_ Iflmlmu_,Im_ tim:_ Imnon,Jowlyd:inkI m2

ofws_ Iodilutg.Do_t IM.m _mogt=g. A physicianshoulderbium all _ cas_.
M_r rust aid, Letapproprhd_h,-phust,pm-amm:l_or commm_q_medfl_ sttmgioaandimpporg.
IPIs_ict_'s Not+:Acua mxict_ cs.s_ • two-phu¢ imulc 1) ,,-_,Fsu_m shor.kduzm Ipm_in_slinal armstv_ mS 2)b_ps_.,
hcmstopocti¢insu_ Tsgztmmtshmdduse mcarbtcacidas • ucu_ with|muic lavq¢. If thei_gmtiouis subsumtisLczctum_ wmsfmiom
tnd_m"¢omi_e_Iz_ysis. Ts_ slk_i¢ _ansc_is with_ _ m"10_ mcarbi¢gtd to _,,_. _m Cr'. Tm pac_ I_TA in •
lsuolin bss¢ 8p#iede_my_t M lzlps hml tkinultra.

"S ti'o Soil!Leak,dD_ec n 7. , +an .Proceduresi+-J_i_i_._!_!i!:!:.iiii_::i;iii¢!_i:_i.........."..............._....................._.:..........................'_ ....................................:..............":::"_+_" i:'i.'_;:',;+':'::+. ". .... :::::::::::::::::::::: ::":::.:!::: :_._:.i: "';+:::':...:: :_'..!':: ..... .:

Sp_: No_'y urea' pmmme! of _ spills. Clu=up pmon_J sl_ouklw_r pm_c_ve _ z_l Ippmm__ P.move _
soun=_.Pmvi_ ida:lusIz_t_dsdo_ Kl_ drbor_ dun I_am;,,_,,,- ]P,_mvve_pm.quicklymd pkr_ inqqmqx'i_ mnmim_ fro"

dispo_ orr_.
Db'ptmd: RerJdmsa]vt_esbk umd. _ _mursupplier_ •_ _ f_ detailMn_u......._ .,_ts. F.o_k_w8_l_d_l_

endlocalrqub_m_.

_te.d as8n Ak Camm:inmt(_ Ci_ 1910.1000,T_ie Z.! )
EPA Des_ns_
R_"_ H_ WJu_(40_'R _L3_): Not listed

as aCRRCLA la,_+.+_usSubtotal* (40Ct_ _02.4), Reportableq--,,_y _Q): 1lb (0.,154t_) [* IN,"Cle.mW_u_A_, Sec. 307(a)]
SARA F.xu_m_ly_us Submn_ (40 CFR355): Not
LismdasaSARAToxicQz=_cal (40CFR3___

Goggles:Wm prolcaJw¢y_lssscs _' _ slt_t_ _lcs, pro"OSHAeye-lindf_-pmm_o_ n_om ('29CFR 1910.133).
Rmptmtm.: Wmrs NIOSH-_ ms,starerif nmmmUUT.We._ m SCBAwi_hafun ta_pi_c_ wbm t_ pm.tic_¢o_:_u'm_'s Ulq_ limi_is
_m4_m _.
Wm'ning:Ai_-_ mpimm do,,or protectwm#.m b oxyrmMt___-_',',__mmo_.
Other:.Wc_ impavimurubber|form, boom,gpmm, md |mmtlm m pmva_l_Olcmltedcr_P_,+_-,_,,+ski=
Veut_tim: _,,,;d_ Irena_rex5localr.xpltxio_aff v_o_ v_ m_ _ _ be_w m_OSHA
(See.2).Loc_r,xlmulsnmti/gionispmfa_ds_mceItpm_nm _m: _ intotlm_ _a by_| __ _ _ (_
inf. 103).
Safety Smt_m: _ avag_k inthemz_ m_ en_ tTn, mh su_n_ sdet,/qu_ _.4b,_'___sbo_n, -,_ ussh_ f_iu.
Commmlm_l E_pdpmuuNmm=wm_ conm_knms i_0mwc_t8rm_mflImmmm_J_mm% _ _ _ _ _ _
ccmmminm_clodn__teforewr_ml.Rgmov__ mmm_ I_,_Your_om md cqu_mm_
Commmm: Ne_ff e.akd;_k, _r mg_ m mark8ram.Ptaga_ Iood _ b_ag _ ugi_ _ _ _y _ _, _
maoki_,,_ _ m_m,_rm,_]ylngmmm_.
Section 9.+SpedalPrecautionsand Comments".+_i+/++/::ii+.+:+_ii+!+++_+++/+++_i?:i:++i!_+:++++_++i++++i,++_+_+{/i++?++::i:.=i.+_.+.=+ii++._+{ii:i_i+.?..+_i;!.++:.:..+.!+.+i+.+i+i/:?ii;..++.:++./:.+.i_i.+_._I+.:+`:.+:+". •
smml_ Rmen_" Sm m _"cool,dry,w_-ve_/_=d m m from_ md o,_++,_+ q_x. _ md p_mt m

_-n-,tneerlngCmu'o_ Avoid_ ;-_,._._u. _ good bome.k_i_g (vwu_=_ _ wet_:,J_) m -_,,+,,,;-,"_bomc pr,_cultm

m_ mpmv_mdust_umulstion. Um nonspm#3ngmob andi_mnd _l_a'ir_ _luipmma md machinery.

; k 4_umtlonD_t_(49CFRIT2.101, J02): Not

"I+TffSDSCo_b_n Reftr_'es: I, 2,26, 35, 80,ST,S$,_, 100,l_, 124,126

I Prepared by: MJ ,A._, BS: Industrisd Hygiene Review:.DJ Wilson,CII-I;Medi_l Review:./VU Xarctie_.MZ) m

8j9 mmm.gy 88 pm/m_ empemgdt_+.M_ep nmmnt6e m tm tm i_m t_im ttmpmmm ef meb m _ _ _ / u u _ m;; - .m e
Im mq0m_lW m lie emlm_ t mmbt_ d mi ihtmm_ l/qq/Ir.Mm m m- S a _ I b _ M m z



IMaterZalSafet_ Data Sheets Collection:

Gonlum Publishing CorporaUon

1145Caza]),nSln_ !shut No.713
Sc._aem_y,m'17.303-]S36USA

ILead([norpnJc)- O1s)377,4_,4

uad Io lmt,c_ It_ cmmmve In. md Uq_:U ul_ m _ tc_l .m_sm!2__ +. lnlmlmm nLm,mt, _1_ _-

• ou'm'mstsmuom:c_S_._._'_'ksi_=_l_"_'_v'_smc:_" _ - ":'_'.2'_........
Mu_rKuurm-_Cmmm)vwsqi:p1iaard_z_mmr.Cmm_,_-,lmm__ _ G_ Ira"a_ mc

Iz._(im=s_)_m=m-,-_#ram,m P_m mo_
mm o_ _ Om_Isov- m_5+0+co_lTLVlla_ m_UToUe_y Da_

YLV--TWA:IS0I+1/_ IndMva
._m l.s.vel_P_A':30_ flmsm,and,TD.,.:4.',0mlr_ inlm_ overiS_ aH_:s

_ aad_.n'Mna'vousslnm_s . .
_ CI_ 1_I0.I02SI.mdImadml I.mSI_IOSHIU_ ilaz,m,_TI_: 7_0ml/kla1'f_an_ldlam._ nq:ex_u_m
B_,_t ..,, L,n,d:i0 tq/100S 10.1_TWA:<.100Iq/ms

.4, See K"IOSt,,,LC'Z_ (OCS_,_O0),,fa, _s,sl mm,mi+'_.,,_',m,, md um,,i_)'

i,,.++rm+t_++__M+._+++:._+_[+++: _+.+.,.++_+:+++.+..+_++++.+...,.:+.,,..,.+.++.::,+::+:+.++++.,.+++.++.+,.',+++++:+..'.++++:+++_++:::++++.,.:+............_::.,._

I Melth_ Polmt:_213 70TM %") Spect_OPsvt_(20 C/4"C_11,34
I Vapor _ 1.77 _ itlm 1132 7 (1000 "C) Watar S_bUWj': Re.._v_ kmlubk in h_ or _ wau_
I Vkm_. 3.2+ ,,+621..+7 027,4"C)

+_R_e:l_ _+i+_'l__; _ +_ _+_l:i +++__G_g_+ ++++++++'i_+++:++++_:+++++++++++++++++++++++_.++++++_++++_i_++++++++++++++++++++++++++++_++++++++++J++++++++++i+++_+i+++++++++

Fll.lh Pohfl:: Nolle _ I A_Jt/4311Tullp,erllmrl: NOlle _ I _ _ _ I _ No_l_
mdls:Ow dk7dms:_ mrSm d_k, ,wi_ +.y, m'foMn,m asinlu_+ flrL
_kj, m=m_=m,==,m,-__y =_._, =._- _==o_ .,_ =+,=,_m_,_.orn_.. ..

apparsms(SCBA)_at___m_prmsu_.ommmoorposmvu.lmssm_moocmonu£____ e_lu_mm_J_a aeot
___l__/___

mqmmm_ema_._po ' " ,,+.,_o_cw.. .......

-'.._ disodimn mm'ylick, md osidmus. A .vm_. _ residuum .ms_ occ_. _ _.o_mes_uL'_.nTu_. I_" perozki_ chloraz a'i.0umglf,.

-._ _,,+,,..p,,m_,_'-om,_ l,md+,.,B m._ _a'. ,..s,_m@.m_ ..po,ram,+,,_
Co4_tlom 1oAvM_ Rnld_r llowm mmtsmml le.mo..ram/,sln_ m mm_.._cm- ....
ilum.domPrmlamel'DeampmtiomThm_ os.idm_dmzapmiskmol'lindcm_P"'" ldl}_ tramfummor_
_,,_._::__ _ ....................................................................................................................................................................................................................

,,,,-,,,,,__._. _ .... - . ._ . .. sm ._. Jm,+
I n_pmemaiv+m:t__a_mml'tm_..mm__, n-"'_"'.'Tma.s_mPmm_. +._u.mmm_. . .
I Sammary el' Rbks: .Lind n aP°m_. ,sYsu.'.'.'.'.'.'._..Pusm_s_em a v .re'm7°x _rl_n _ _ _ m _ _ mY+
I _ _ _ "_ I_ (GD_n_ re°s:_ w_w'_m _ _ u _ "-'_!''_ nm_tcan_ _
I _+,,-,d',,,'l.mim'ddin"a'.s_...l___ .l°'_d,..d_"m_...a'c_azaa.'m.'+"°l".m4'mm'd_ _ _ t_ _ _m

inmmasmas _ _ wilh poss/b,_,cumul_ve e.He_s..Del_mdi_' m d_ din+ eml_nl Ih_IxxtY, lead c_ _ _ _ _a_

,_m,,o,r_,,m_,.tm,.'m"m,,,,]>',,.,..vm'u_ do_,.,mm,..._',,_d,.'_ (_Y). . .......m.tk._.CmdmmsASs_,m..d..t_,_. _ m.,_,.q.s_'?ym.m+p,om._]u'p.._ t¢.s.-m[,.mm,,m:,,,otmmms_,n_m_..o._e.,._.
_'_a_bloodimlu_ (IX_mm_ms_J,mt_u£_,snomczma,l.li_-_ s:mms snausP,_ o_olooaprmssw_camatlF_'a_ cm'cl._vLum,um.

_+_j Con_a_ onn_ pole
ir,l_ll O l l_O ('l _ + _ _ r .
I i I e i ql'_i/J i i til _DI_



No. 713 Lu_ (Tacqjsaic) bgO

_C_1011 _:_llh f-_PJS._-f- _ _-_* _!_'_'_!_i_'!_'_":_':_*_ _"_._-:__'_i_,_:i_ _:_:_ __ :_:

__ _ou*.- _.,.", m._ .--. .......... .

,. ,x_om,or_._,n,n.._.,r_" u,_ _,_q, ._..0_ _ .,p_,_e=_ _ _ u_ ...._,__. Jut,m:s._m,_,,,,ot_ ._-_ _,p._e._. ,-,,-m_. _ ._,_..._ mqn_,,_e_._ _ =1_=_,,.
n._._t_.znz_mnmm, m_ma.p_.mtpm,__W._, m=_m_, lXa_/_o_ wmta_.,_sson_. .,
m,z,le extz_ot musc,Jmms_ ooasr..sz_/35_, ol .n_z_ I _._a_'_ a_,mz..ssss7 e_..rmm .nmu ctn'amcm,.az:tposa_ I_ sew, u

sevenlamai_ _ ano_ i
I_DRST_W

(_. _ ,_,-- __. . ..
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ResponsetoComments
"-_,_' SESR Demonstration at Alameda Point

034-ALAM -cor

Comment Response
DTSC John Wesnousky, P.E
Per your request I have reviewed the Draft Work Implementation
Plan for Surfactant Enhanced DNAPL Removal Treatability Study at
Alameda Point (Site 5), dated danuary 26, 1999 which was prepared
by Surbec Environmental for the US, Navy. Following are my
comments concerning the proposed in-situ fteld demonstration

projecttreatability study.
General SurfactantEnhancedSubsurface

In-situ soil flushing with surfactants or cosolvents for hazardous waste Remediation (SESR) has been effectively
site remediation has been around a number of years but remains more implemented in a formation with a

of an "emerging technology" and has yet to be fully demonstrated, hydraulic conductivity of less than 1 ft/day
Although there have been a number of demonstrations and research (Tinker AFB, 1997). However, the
field studies involving in situ surfactant/cosolvent flushing, these successful implementation of this
projects have met with varied success with mass removals reported technology in such a formation requires
ranging from 15 to 80 percent. Currently, a treatability study by the careful surfactant selection. For example
same company, Surbec Environmental, is planned to soon be any potential phase behavioral phenomena
implemented at McClellan AFB, a much deeper and more complicated (i.e. partitioning into the NAPL) must be
site for this technology than Alameda, Implementation of this evaluated and sorption t the soil mat?ix

technology is very complex, requiring multiple disciplines to address quantified. It also is much more difficult
the subsurface chemistry, hydrogeology and engineering aspects. I am to mobilize in such a formation than to
not aware of any commercial application to successfully clean up a solubilize. The proposed screening process

!

,_:,._> site in the U.S. will evaluate all of these factors to select
the best surfactant for implementation.

The technology is generally applied to address only the source areas The surfactant recovery from the sub-
(NAPLs present) or hot spots (region of highest concentration in the surface is an important issue. The first step
plume), not to restore low concentration plumes to background to ensuring good surfactant recovery is to
conditions. Also this technology is not effectively applied in low obtain site specific aquifer properties using
permeable zones. A difficult key to successful implementation is the pump or similar aquifer tests. This
selection of the right surfactant for the specific site conditions. The information is then input into models to
surfactant must be able to both solubilize or mobilize the NAPL in the develop a well configuration scenario for

aqueous phase without partitioning into the NAPL phase or sorption injection/recovery of surfactant. Prior to
onto the aquifer materials. In the latter case the surfactant is the injection of surfactant, conservative
ineffective, cannot readily be recovered and may pose an tracer tests are conducted to ensure that the
environmental problem. A good reference on this technology is The recovery wells indeed provide sufficient
Technology Practices Manual for Surfactants and cosolvents, hydraulic capture. When surfactants are
February 1997 which was a project funded through the AATDF injected, surfactant will be sorbed to the
(Advanced Applied Technology Development Facility led by Rice soil matrix. However, several pore volumes
University). ofwaterwillbeflushedthroughthetest
A primary concern with any in situ application of fluids or additives is zone to help recover sorbed surfactant. Bio
containment to ensure that contaminants or additives do not migrate degradable surfactants will be selected so

outside the volume being treated (i.e. spread the contamination and that the remaining surfactant can degrade
make the problem worse). From this perspective in-situ soil flushing naturally. The fate of this remaining
poses a higher risk than other approaches. Mobilizing or solubilizing surfactant will also be modeled to
DNAPLs with surfactants/cosolvents could result in a denser phase determine migratory potential. As with any

which would migrate downward. Design of both the technology there is risk but that risk can be
surfactant/cosolvents system and the recovery well system is critical to minimized through conducting thorough
effectively capturing the contaminants versus being confronted with a bench screening and good engineering

• ,:,_. contaminant spreading problem, design



, ,,_,_' Comment Response
Applicationto AlamedaPoint,Site 5 The amountof data availableat each
The small area in Site 5 selected for demonstrating the technology appears site (2A-A and 4B-C) is limited tothe

to have favorable hydrogeological conditions for an in-situ flushing study, groundwater results from a geoprobe
The contaminated zone for the study is relatively shallow (<20 feet), investigation conducted by TtEMI.
composed of a relatively uniform hydraulic fill and underlain by a lesser These results show that the maximum
permeable bay sediment. Also, the underlying bay sediment which may act concentrations of DNAPL
as an aquitard is apparently relatively thick (-50 feet). Having a relatively constituents in the groundwater (4B-C
shallow (thin), homogeneous and permeable zone underlain by a thick at 12' deep) was 195.4 mg/l. The
lesser permeable zone (K=8 R/day vs..001 ft/day) is an optimal situation primary constituents in that sample
for designing a controlled injection/recovery well system, include: 1-1-1 -TCA, 1-2 DCE, and 1-

2 DCA. The average solubility of

Based on the plates included in the draft work plan, there is a localized these three compounds is
"hot spot" of groundwater contamination in the immediate vicinity of the approximately 3000 mg/1. Based on
test area. In well 4b-c concentrations of total chlorinated compounds and this information the observed
1,1-DCA are 20 mg/1 and 2.4 rag/l, respectively. These levels do not groundwater concentrations are about
necessarily confirm that a large amount of free phase DNAPLs are present 6.5 % of the average solubility of these
at this location The draft plan does not indicate how these groundwater three compounds. From our
isoconcentration plots (areal and cross-section) were developed. Are these experience, this is indicative of
results derived from the one contaminated well at this location (well 4b-c DNAPL trapped within the soil matrix.

show on plates) and was this well a multiple depth completion well? Data However, these results are limited to
presented for soil borings closest to demo area (3-1,4-1,4-2) do not show one geoprobe boring per location. As
significant contamination, indicating the localized nature of the a result additional investigation is
contamination in this area. To be successful, the treatability study area provided to confirm the presence of
mustbe located in a high contaminatedarea. DNAPL at the site. The additional

investigation includes a geoprobe
investigationforsoilandgroundwater

sampling.
Surfactants/cosolvents selected from the laboratory tests to be used during All of the surfactants that we select

the field demonstration) should be reviewed by a toxicologist prior to will be biodegradable. Research on
implementation. Even though some compounds may have food grade the biodegradation of surfactants over
additive status they may pose aquatic toxicity or other problems in the the past decade has provided general
environment. Additionally, biodegradable compounds are preferred in the rules relating surfactant structure and
event that the surfactant/cosolvents cannot be recovered from the degradation potential. For example,

subsurface for some reason. This effort should probably be restricted only increased branching of the
to those selected and proposed for the field tests since there are numerous hydrocarbon tail group decreases the
surfactant/cosolvents combinations that may be considered, susceptibility of that molecule to

degradation. We have tested the
biodegradation of two common
surfactants (SDS and STEOL) of
which both were found to be easily
degraded under aerobic conditions
(Rouse 1996, Water Environment
Research Vol 68 No. 2). While this
information and studies are useful it

should be recognized that the natural
degradation process is dependant on
site specific conditions. Surbec can
also test for the biodegradation
potential of the surfactant selected for
the project. Most of the surfactant

: manufacturershaveinformation
detailingthetoxicologicalimplications



of the molecules they provide. This
....._ informationwillbeprovidedinthe

work plan. If this information is not
available, a toxicologist will review
surfactant formulations.

PITT test. This multiple tracer test is a good approach to evaluating the The observed capture of the
injection/recovery well system and the mass NAPL present for the conservative tracer will be used to
demonstration. The conservative tracer selected (bromide) will indicate quantify hydraulic capture within the
whether the recovery well system can recover all of the injected fluids. I test cell. Capture of the conservative
recommend that the regional office should establish a criteria for percent tracer in past tests has ranged from
capture of the conservative tracer in this recovery well system test. If not 85% to 95%.
met, the reason should be explained and a decision made on whether or to

allow the injection of surfactants to proceed.
Push-Pull Test. The work plan gives what appears to be an acceptance Since the test is conducted in a well
criterion, "An increase in VOC concentration in the groundwater over that is screened across the entire
background by a factor of 1.5 or more indicates enhanced solubilization aquifer, the results are highly
and existence of NAPL in the radius of influence." This value seems low subjective to Well dilution factors.
in terms of the technology's ability to remove only 50% more than what However, the acceptance criteria can
could be removed with conventional groundwater extraction, be raised to 2 - 2.5 times the baseline

concentrations observed in that well.

Baseline groundwater sampling of installed wells is specified for a two The control sampling would be used to
week period prior to conducting the push pull test. As a baseline or control determine pre-test groundwater
for the push pull test, sampling of this well could be performed after concentrations for the entire cell.
pumping at the same rate and removing the same volume of groundwater
as in the push-pull test. This only would have to be performed at the one
well where the push-pull test is to be performed.
DNAPL Mobility and Migration. The work plan discussed how creation Additional modeling will be conducted

._,.J of density gradients and prevention of downward migration of denser to evaluate the affect of varying
DNAPLs are mitigated with appropriate surfactant/cosolvents selection vertical conductivity on the potential
and design of their recovery well system. The assumed vertical to for surfactant migration.
horizontal conductivity used in their analysis is 1:5; In figure 4.1 showing
the modeled cross-section the ratio is given as 1:8. Hydraulic fill in the
demonstration area may be more homogenous than this and perhaps a more
conservative estimate should be used in their model. Also, it should be

noted that modeling results presented in Appendix D show surfactant
concentrations at 90 feet elevation, 6 feet below the Bay Sediment/fill

contact, indicating possible influence of the injection well system in the
uncontaminated Bay Sediment.

The work plan specifies soil sampling borings in the in the demonstration The Navy concurs that it would be
area. These will identify the depth of soil contamination in this area with useful to add a sampling point in the

respect to the Bay Sediments. To confirm that vertical migration has not bay sediments beneath the test cell.
occurred consideration should be given to strategic soil sampling between The work plan will reflect this change

the injection and extraction wells in the uncontaminated Bay Sediment
underlying the treatment zone. Alternatively, one or two microwells could
be installed, screened in the uncontaminated Bay Sediment underlying the
treatment zone to monitor whether vertical migration is a problem or not.

Sampling this well should be completed before PITT test (background),
during the PITT test for the conservative tracer, and post demonstration.

L



. __.i COMMENT RESPONSE
Demonstration area. The area selected is appropriately small for an in-situ The size of the test area is 20' x 20'.
treatability study of this nature. There is minor confusion on the actual The scaled test cell delineation line in
area involved: Figure 4.2 shows 24X22 are based on well layout; Figure Figure 4.3 is not correct and will be
4.3 well layout and scale show 30X25 if, text on page 4-12 states 20X20 corrected.
ft.

System Operation. Treatment goal is stated to be 95% DNAPL recovery The test has been proposed to include
and is expected to be achieved in 3 to 5 pore-volume exchanges. This goal 5 pore volumes of surfactant solution
appears ambitious considering mass recoveries reported for other studies, and 5 pore volumes of water flood. A
The amount of surfactant solution required for 5 pore volume exchanges summary of potential fluid production
for a 20X20x10 volume is quite large, 50,000 gallons. It is stated that is included in Table 4.4 of the Work
there will be 5 days of surfactant flooding and 5 days of water flooding. Plan. Based on the surfactant systems
However, an injection rate is not provided for this flooding operation. It is that have been developed in recent
unclear whether the 3 to 5 volume exchanges applies to only the surfactant years, it is our opinion that these goals

flood or if an additional 50,000 gallons is required for the water flood, are not unreasonable.
I

Implementation of an in-situ flushing technology is only warranted or cost- This technology is focused on
effective in an area that has a high mass of DNAPL contamination. This enhanced DNAPL removal. However,
would be the case where free phase DNAPL has been pumped out and it has been our experience that "free
what remains entrapped in the aquifer materials can best be removed with phase DNAPL" is not a common
surfactant/cosolvent flushing. Based on groundwater contamination levels occurrence and that small amounts of
indicated in the report it is not clear whether this level of contamination is trapped DNAPL (in the soil matrix)
present in the proposed study area. Lastly, it should also be noted that the can be a continuing source of
presence of vinyl chloride indicates that biological degradation of some groundwater contamination. Very high
degree is occurring at the site. Addition of surfactant could enhance or NAPL residual concentrations were
drastically reduce biological activity depending on the surfactant and observed at Cape Canaveral (up to

..........i specificsiteconditions. 5%)withoutanyobservedDNAPL
recovered from the sampling well.
Using the 1% solubility rule in
groundwater as an indicator of
DNAPL, we see a strong potential for
DNAPL existence near sample
locations 2A-A and 4B-C.

Surfactants/cosolvents can act as an

electron donor (dehalogenation) which
may or may not stimulate contaminant
degradation. However, this process is
highly subjective to site specific
conditions. Site groundwater
contaminant profile data suggest that
anaerobic conditions prevail and that
surfactant addition may stimulate the
biological reductive dechlorination of
the contaminants (Isalou, et al., 1998
ES&T vol. 32, pp. 3579-3585; Cobb,
G. D. 1991, Environ. Sci. Technol.
Vol 25, pp 1068-1074).



COMMENT RESPONSE

Given the above concerns, I would propose proceeding with the Based on the information obtained to
treatability study. The small scale and hydrologic conditions of the date, there does appear to be a
project site are favorable for conducting the treatability study with a "NAPL" source at the site. To confirm

minimum of risk. However, if the soil sampling at the site in conjunction this, additional investigation has been
with the PITT test do not indicate a significant mass of free phase DNAPL added to filrther quantify the existence
present, then it isprobably not advisable to proceed further. [Please call or absence of DNAPL. If the results
me at (916) 322-2543 if you have questions or concerns regarding the of this investigation indicate that there
above comments.] is no DNAPL at the proposed sites, the

pursuance of this technology at those
sites will be terminated.



,..... Comment Response
USEPA - Anna-Marie Cook
I have reviewed the above referenced document, and am in theprocess of
compiling my comments which ] will get to you next Monday. I apologize
for missing this last Monday's deadline, and appreciate the call reminding
me to send the comments to you.
I have a significant concern regarding the site characterization used for In this and other studies the primary
The project. The Site 5 groundwater information used in the workplan is methodologies used for evaluation of
taken from Tetra Tech documents. Tetra Tech utilized monitoring wells technology performance (i.e. mass of
with screen lengths on the order of feet, which leads to a significant DNAPL removed) are:
dilution of concentrations in groundwater. This dilution may not matter so
much for certain types of characterization, but when it comes to targeting 1) Pre and Post partitioning tracer
DNAPL it is a major concern, tests

2) Pre and post soil coring analysis
The data in the BERC Steam Enhanced Extraction workplan shows data 3) Mass of NAPL recovered in the
taken over much more discrete sampling intervals and shows that the recovered groundwater stream

concentrations of solvents are orders of magnitude higher than data 4) Pre and post groundwater analysis
collected by Tetra Tech. This difference will matter particularly when it
comes to calculating percent recovery of solvent, as well as knowing in Of the above listed methodologies,
which areas in the subsurface to concentrate surfactant injection. Using the items 1 and 2 are considered to be the
Tetra Tech concentrations to calculate contaminant mass in the subsurface most accurate. The overall

will underestimate the amount of contamination. In subsequent recovery performance of this test will be
operations, much more mass will be extracted than expected, because there evaluated using those methodologies.
is really more contaminant mass subsurface than calculated, and the As you indicated in your comment, the

treatability study will appear an outstanding, maybe even unbelievable, evaluation of a technology using
success. In reality, if the site were characterized carefully as BERC has groundwater information is highly

......... done, calculated subsurface contaminant mass would be higher, % subjective to the screened interval of
recovery would be lower, and the treatability study could be evaluated the test well. it is very difficult to
realisticallyfor effectiveness, correlategroundwateranalysiswith

DNAPL concentrations.

I have looked at the proposed schedule for well installation provided in The purpose of the preliminary site
The workplan, and notice that SURBEC plans to be in the field next week. investigation is to obtain additional
I am not sure how my concerns over site characterization can be addressed information about each potential site
in the short time frame allotted to response to comments and realize that I for selection purposes only. Baseline
am a few days over the comment due date which does not help the groundwater sampling will not occur
problem. However, I strongly urge the contractor for this study to try and until the site has been selected and the
get better groundwater data in the process of well installation, because it injection/recovery wells and sampling
will be a matter that is taken into account in evaluating the effectiveness of wells have been installed. The current
this technologyin the FeasibilityStudy. work plan proposesgroundwater

sampling to be conducted in wells

Thank you for your attention to this concern, screened over a 6'-7' interval.



United States Environmental Protection

Agency/Anna-Marie Cook
1. Page 2-1, Section2.0: EPA strongly recommends that the data A thorough review of the BERC
included in the Berkeley Environmental Restoration Center's workplan has been completed. A
(BERC) "Draft Treatability Study Work Plan Steam Enhanced summaryof theBERCfindingswill
Extraction" be reviewed in addition to the listed documents in this been included in the workplan,
section to obtain an understanding of Site 5 soil and groundwater Section2.2.3.
conditions.

The BERCworkplan shows data with much higher concentrations of The pre- and post partitioning tracer
solvents than that give in the Tetra Tech documents. The testswill betheprimarymethodology
differences are primarily a result of the method by which for evaluationofDNAPL remediation.
groundwater data was obtained, in particular the depth interval over
which each sample was taken and the type of instrument used to
obtain groundwater concentrations. The reason this issue is of
particular concern is twofold. Firstly, in order to target the areas
with highest concentrations of solvent for surfactant flushing, good
characterization is needed. Secondly, the success of the study is
determined largely by percent recovery of solvent: If concentrations
used to calculate subsurface contaminant mass are lower than
really exist, then much more solvent will be recovered than
anticipated, giving the appearance of an extremely successful study.
When it comes time to evaluate the feasibility of this study as a
remedy, it will be difficult to answer how successful the study really
was if the initial assumptions and calculations underestimated the

: solvent concentrations.
,, ,:,;, 2. Parle 2-3, Section 2.2 and 2.2.1: The 1998 BERC study has not BERC results will be summarized in

been included in this section, thework plan
3_ Parle 2-4, Summary of Findings Section: While the This information has been considered
contaminants reported in this section are present at high in generating the Geoprobe
concentrations, according to the BERC report trichlorethene is investigation work completed at
found at the highest concentrations of 1,786,000 ug/I. The highest locations2A-A and4B-ConApril 5
concentrations were generally found at 4.5 feet and between 8 and through7, 1999.
9 feet.
4. Parle 2-4, Section 2.3: EPA urges a more thorough site A Geoprobe site investigation was
characterization and delineation of the plume than that proposed in conductedonApril 5 through7, 1999.
this section. The effectiveness of the treatability study is highly The investigation included the
dependent on adequate plume characterization and contaminant collection of .50soil samples and 40
mass calculations prior to the start of the study. Three soil borings groundwatersamplesfrom l0
do not appear adequate to delineate the extent and concentrations locations,6 at4B-C and4 at 2A-A.
of the solvent contamination at the proposed site.
5. Parle 2-6, Section 2.3.4: What is the purpose of the groundwater Thepurposeof thesegroundwater
sampling described in this section? Is it to be used as a means of sampleswasto obtaina qualitative
determining appropriate disposal? If it is to be used as a mean of assessment of the groundwater quality
characterizing the groundwater conditions, EPA would like to point at 2A-A and 4B-C. The Geoprobe
out that the screened interval is too long to provide useful investigation will quantitatively
characterization data and the method of purging will result in falsely characterize the groundwater.
low concentrations of volatiles.

6. Pa.qe4-1, Section 4.1: A permit waiver is not necessary for This informationwill beaddedto
reinjection activities because this pilot project is being done as a Section 4.1.
part of the ongoing CERCLA activities on the base. In other
words, it is being reviewed as part of a CERCLA action and

;' therefore does not need a separate permit or permit waiver.



7. Pa,qe 4-2, first para,qraph, last sentence: Revise wording from This change will be incorporated.
.__J "... is allowable as long as any of the solution constituents exceed..."

to "... s allowable as long as none of the solution constituents
exceed .... " Also, note that the prohibition on exceedance is
restricted to primary as opposed to secondary MCLs.
8. Pa.qe 4-3, Section 4.2: The model may give a different result This will be assessedin addition to
and affect the design of the injection/extraction system if BERC data inclusion of the Geoprobe data during
is used in addition to that provided by Tetra Tech. the final modeling.

Soil and groundwater data obtained
during well installation will also be

used to develop baseline conditions.
9. Table 4-1 What is the purpose of this table? Soil boring data is The table headings will be changedto
given in ppb which would translate to ug/kg for concentrations in reflect that the data is groundwater
soil. Perhaps this data is really groundwater data in which case the data.
title on the columns is very misleading. In addition, the use of the The 40 CFR 261.24 Table 1 MCLs are
Toxicity Characteristics leaching Procedure as a cleanup criteria commonly used during RCRA
makes no sense. TCLP is used to determine whether a waste is a
characteristic hazardous waste for disposal purposes and generally
would never be used as a cleanup criteria.


	Main Table of Contents
	Page i, Section 1.0 through Section 2.5 
	Page ii, Section 3.0 through Section 4.5 
	Page iii, Section 4.6 through Section 5.0 and Appendices
	Page iv, Appendices (cont.)

	Appendix A Table of Contents
	Page i, Section 1.0 through Section 8.0
	Page ii, Section 9.0 through Section 10.5 and Tables

	Appendix B Table of Contents
	Page i, Section 1.1 through Section 1.8 and Figures

	Appendix C Table of Contents
	Page i, Section 1.0 through Section 1.4 and Tables


